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KOSSUTH COUNTY SOILS*
By W . H . Stevenson and P. E . B rown with the assistance of T . H . B enton , D . S. Gray , 
H . R. M eldrum, L. W . F orman and R. E. B ennett
Kossuth County is located in north central Iowa, being bordered by Minnesota 
on the north and in. the fifth tier of counties east of the South Dakota line. Its 
location is shown in the accompanying map. It is entirely in the Wisconsin drift
soil area; hence the soils of the county are 
all of glacial origin.
The total area of the county is 983 square 
miles or 629,120 acres. O f this area 602,149 
acres or 95.7 percent are in farm land. The 
total number of farms is 2,976, and the average 
size of the farms is 203 acres. 35.8 percent 
of the total farm land'is operated by farm 
owners, while the remaining 64.2 percent is 
f t*  M£ i r g „ t - l0Cati0n °f operated by renters. The following figures
taken from the Iowa Yearbook of Agriculture 
for 1928, show the utilization of the farm land of the county:
Acreage in general farm crop s.........................................................................
Acreage in farm buildings, public highways and feed l o t s . . ........... .. 31,965
Acreage in pasture . . . ............................................................................................ eeo
Acreage in waste land not utilized for any purpose..................................  4,559
Acreage in farm wood lots used for timber only....................................... • dzU
Acreage in crop land lying idle. . . . . . . . . . ....... .............•• • •...........................
Acreage in crops not otherwise listed.................................. ••••..................
TH E TYPE OF AGRICULTURE IN KOSSUTH COUNTY
The type of agriculture practiced in Kossuth County at the present time con­
sists of a system of general farming, including the production of corn, oats and 
hay and certain special crops and the feeding and breeding of beef and dairy 
cattle, hogs and sheep. Corn is the chief cash crop and oats is second in im­
portance. The breeding and feeding of hogs is the largest livestock industry. 
The raising and feeding of beef cattle ranks second. Dairying is practiced to 
some extent. The income on the farms is derived chiefly from the sale of hogs, 
beef cattle, corn and oats. In some cases a large part of the farm income is 
derived from the sale of dairy products, poultry products and certain minor crops 
such as sugar beets which are grown on limited areas.
The acreage in waste land in the county is considerable, much of which might 
be reclaimed and made productive by the adoption of proper methods of soil treat­
ment. General recommendations cannot be given for the reclamation of waste 
land as the causes of infertility are variable. In a later section of this report, how­
ever, suggestions will be offered for the handling of unproductive areas of the 
various soil types. In many cases special methods of treatment are needed for 
individual areas. Advice Regarding the reclamation of such land may be secured 
from the Soils Section of the Iowa Agricultural Experiment Station upon request.
*See Soil Survey of Kossuth County, Iowa, by T. H. Benton and D. S. Gray of the !owa Agri­
cultural Experiment Station, and F. R. Lesh and J. E. McEeehan of the United States Department 
Agriculture.
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THE CROPS GROWN IN KOSSUTH COUNTY
The general farm crops grown in Kossuth County in the order of their im­
portance are corn, oats, hay, barley, alfalfa, potatoes, flax, rye and wheat. The 
average yield and value of these crops are shown in table I.
Corn is the most important crop grown in the county. In 1928 it was grown 
on 37.6 percent of the total farm land, and average yields amounted to 39.1 
bushels per acre. Silver King and strains of this variety are most extensively 
grown, but some yellow corn is produced including strains of Learning, Reid 
Yellow Dent and Minnesota 13. Most of the corn which is grown is fed to live­
stock. According to various estimates, from 50 to as high as 80 percent is utilized 
in this manner. From to of the corn fed is utilized on the farms where it 
is grown. The remainder is bought by feeders from neighboring farms, and very 
little is sold out of the county. Most of the crop is picked from the standing stalks 
and stored until it is fed or marketed. Some of the crop is hogged down, and 
some of it is cut with binders and put in silo? or fed from the shock. Soybeans 
are usually seeded with the corn which is hogged down or used for silage.
Oats are the second crop in importance in the county, being grown on 28.3 
percent of the farm land in 1928. Yields of 40.8 bushels per acre were secured. 
The varieties commonly grown are Kherson, Iowa 103, Iowa 105, Green Russian, 
Iowar and Swedish Select. Oats are used largely as horse and hog feed on the 
farms, the surplus being sold. The crop is second in importance to corn as a 
cash crop.
Hay is the third crop in acreage and value in the county. About 16 percent of 
the hay crop is made up of legumes such as red clover, sweet clover, alfalfa and 
soybeans. The largest acreage in hay is in wild hay which is grown on the wet 
bottomlands or upland soils of various unproductive areas. Yields of wild hay 
amounted to 0.92 ton per acre in 1928. Clover and timothy hay is the most im­
portant of the tame hay crops, being grown on 2 percent of the total farm land. 
Yields of this hay crop amounted to 1.35 tons per acre in 1928. Timothy hay is 
grown alone to a considerable extent, yielding 1.24 tons per acre in the same season. 
Clover hay is produced alone in a very limited way, yielding 1^ 2 tons per acre 
in 1928. A  small area of clover is utilized for the production of clover seed. 
Sweet clover is being grown to some extent for hay, pasture and seed, and the 
crop is becoming of increasing importance thruout the county. Some alsike clover 
is grown for pasture and some red clover is utilized in the same way. The en­
tire hay crop produced in the county is consumed locally.
There are small acreages in alfalfa on a number of farms. The total acreage 
of this crop in the county is not large but is steadily increasing. In 1928 alfalfa 
was grown on 0.88 percent of the total farm land of the county, and average 
yields amounted to 2.93 tons per acre. Three cuttings are usually secured, and 
with proper preparation of the soil and the use of good seed which has been well 
inoculated, farmers are successful in growing this crop.
Barley is grown quite extensively, being produced in 1928 on 2.7 percent of 
the total farm land. Yields of this crop amounted to 33.8 bushels per acre. It 
is utilized entirely for feeding purposes on the farms.
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T A B L E  I. ACR EAG E Y IE L D  A N D  V A L U E  OF PR IN CIPAL CROPS G R O W N  
IN K O SSU TH  CO U N TY, IO W A *
Crop Acreage
Percent of 
total farm 
land of 
county
Bushels 
or tons 
per acre
Total 
bushels 
or tons
Average
price
Total 
value of 
crops
Corn _ ------ --- 226,598 37.60 39.10 8,859,982 $ 0.67 $5,936,188
O a t s _________________ 170,573 28.30 40.80 6,953,610 0.36 2,503,300
Winter wheat_.___ :_ 169 0.02 16.00 2,704 1.00 2,704
Spring w heat_____ __ 191 0.03 22.20 4,236 L01 4,278
Barley ______ !______ 16,751 2.70 33.80 566,791 0.54 306,067
R y e _____  ____ 750 0.12 17.20 12,879 0.86 11,076
Clover hayf _____ - 298 0.05 1.50 447 13.00 5,811
Timothy hay ________ 5,341 0.88 1.24 6,623 10.50 69,542
Clover and timothy
hay (mixed) 12,116 2.00 1.35 16,357 13.00 212,641
Alfalfa _ _ _________ 5,046 0.88 2.93 14,785 16.50 243,953
All other tame h a y ___ 2,071 0.34 2.03 4,204 13.00 54,652
Wild hay _____________ 14,368 2.40 0.92 13,219 10.00 132,190
Soybeans grown with
13 0.002
Soybeans grown alone 358 0.060
Soybeans grown for
seed 178 0.020 15.20 2,705 1.78 4,815
P otatoes____ 1,118 0.180 167.00 186,706 0.51 95,220
Flax seed 937 0.150 8.70 8,111 1.98 16,060
Buckwheat 10 0.002 15.00 150 0.88 132
Clover seedf - __ . 75 0.010 1.56 117 18.00 2,106
Sweet clover seed ___ 15 0.002 2.00 30 5.00 ■ 150
Sweet c lo v e r i_____ 3,380 0.540
* Iowa Yearbook of Agriculture, 1928. 
t Sweet clover not included.
J All varieties for all purposes.
A  very small area of rye is found in the county. There is also a small acreage 
of wheat. Kanred, a winter wheat, is the variety most commonly grown and very 
satisfactory yields are reported..
Some soybeans are grown, chiefly with corn when it is to be used for silage 
or for hogging down. A  small acreage is grown for seed. Some farmers feed 
the hay to hogs.
Potatoes are grown on every farm for home use, and a few farmers sell a 
surplus in nearby towns. The yield in 1928 amounted to 167 bushels per acre.
Flax is grown by some farmers, particularly on newly broken land where the 
drainage is poor.
Some sugar beets are grown, chiefly on contract with the beet sugar factories. 
In 1924, 2,565 acres were devoted to this crop and the total yield amounted to 
24,705 tons. The yields of sugar beets range from 8 to 14 tons per acre.
Small acreages on every farm are devoted to the production of garden, truck, 
bush and tree fruits, but they are produced entirely for home consumption.
THE LIVESTOCK INDUSTRY IN KOSSUTH COUNTY
The following figures taken from the Iowa Monthly Crop Report for July, 
1928, giving the Jan. 1, 1928, estimates of the Bureau of Agricultural Economics 
of the United States Department of Agriculture, made in cooperation with the
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Iowa State Department of Agriculture, show the extent of the livestock industry:
Horses ........ - .....................................................................................................  19,000
Mules ........ , ......................... ......................... ....................... ............ .............  1,500
Cattle, all .......... .......................................... ...................................................  56,400
Hogs ...................................... .............. ..................................................... ...146,500
Sheep .................... ............... ............. ................................................ .............  5,800
The breeding and feeding of hogs is the most important livestock industry in 
the county. Every farmer raises some hogs, the number on individual farms 
ranging from 50 to 300. The total number on the farms on Jan. 1, 1928, was 
146,500. The most popular breeds are the Poland China, Duroc Jersey and 
Hampshire. The sale of hogs is the most important source of income on the 
farms of the county. The chief markets are Chicago, Mason City and Cedar 
Rapids.
The raising and feeding of beef cattle is an important livestock industry. The 
Shorthorn, Hereford, Milking Shorthorn and Angus are the breeds most com­
monly found. Not many purebred herds are kept in the county but most of the 
animals are grades. A  large number of cattle are shipped in for feeding each 
year, many of which are purchased on the Sioux City and Omaha markets. About 
one-third of the cattle and hogs of the county are marketed thru cooperative live­
stock shipping associations. The principal markets for cattle are Chicago, Mason 
City and Cedar Rapids.
Dairying is a very important industry and is increasing in importance in the 
county. The Holstein is the most popular breed altho there are a few good 
Jersey and Guernsey herds. Most of the dairy cows are grades. There are 13 
cooperative creameries in the county. The surplus butter produced is shipped 
to New York, and the income from the dairy industry is considerable.
Horses are raised to a limited extent, usually on individual farms for home 
use. There are only a few horse breeders in the county. Some mules are used 
on the farms and a few are raised by individual farmers. Sheep are not im­
portant, only a few being kept for breeding purposes. The total number on the 
farms on Jan. 1, 1928, was 5,800.
All of the farmers raise poultry. On Jan. 1, 1925, there were 513,929 chickens 
on the farms. Some ducks, geese and turkeys are raised. A  very large production 
of poultry is reported. Some of the flocks are large and a considerable part of the 
farm, income is derived from the sale of the poultry and poultry products. On 
most farms poultry raising is a side line, but even in such cases some income is 
derived from the industry.
THE FERTILITY SITUATION IN KOSSUTH COUNTY
The yields of farm crops in Kossuth County are fairly satisfactory on the well- 
drained upland, but increases may often be secured thru the adoption of proper 
methods of managing the soil.
A  large proportion of Kossuth County is included in drainage projects, and 
few farms are not affected to some extent by the artificial drainage which has 
been provided. The installation of tile drains and open ditches has brought 
thousands of acres o f poorly drained land into a suitable condition for crop 
growth. Where the drainage provided is adequate, these reclaimed areas are
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highly productive. In some instances the drainage is not yet entirely adequate, 
and in such cases crop yields are often rather low. Wherever this situation 
occurs, the most important treatment of the land is the installation of tile to 
connect with the natural drainage channels or the drainage ditches. Until the 
land is thoroly drained, most satisfactory crop yields will not be secured.
Most of the upland soils and many of the terrace and bottomland types in 
Kossuth County are acid in reaction and in need of lime. This is true of the 
Clarion and Dickinson soils on the uplands, of the Sioux, Buckner and Hancock 
types on the terraces and of the Wabash soils on the bottoms. The Webster soils 
on the uplands are well supplied with lime, and the Fargo and Lamoure soils on 
the terraces and bottomlands are high in lime in the surface soil. These same 
types are well supplied with lime in the subsurface soil and the subsoil. The 
Clarion soils on the uplands and the Sioux and Hancock types on the terraces also 
show a high lime content in their subsoils. In spite of the lime content in the sub- 
soii oTsome of these types, if thè surface soil is acid, lime is needed in order to 
provide for the best yields of farm crops and especially of legumes. It is very 
important that the soils of the Clarion, Dickinson, Sioux, Buckner, Hancock and 
Wabash series be tested for lime needs and that lime be applied as required.
The phosphorus supply is not high in any of the soils of the county. It seems 
quite probable, therefore, that phosphorus fertilizers will be needed on these soils 
in the very near future. There are indications, however, from some of the experi­
mental work carried out on these soils that the application of a phosphate fertilizer 
might prove profitable at the present time. Either superphosphate or rock phos­
phate may be employed with beneficial effects. Which phosphate should be used 
cannot be stated definitely as yet ; sometimes the superphosphate gives the better 
returns while in other instances the rock phosphate proves quite as satisfactory. 
Farmers are urged to test both phosphates on their own soils under their particular 
conditions. They may thus determine which phosphorus carrier will prove more 
profitable for their use.
Most of the soils in Kossuth County are fairly well supplied with organic matter 
and in some cases are very high in this constituent. Some of the types, however, 
are not so rich in organic matter and nitrogen, and in these cases the application of 
some fertilizing material supplying organic matter is desirable. On all of the soils 
of the county it is important that the organic matter and nitrogen supply be main­
tained thru regular additions if the soils are not to become deficient in this con­
stituent.
The proper preservation and application of all the farm manure produced will 
aid materially in the maintenance and building up of the nitrogen and organic mat­
ter supply in the soil. Large increases in the yields of general farm crops are 
secured on many of the soils of this county from the application of farm manure.
The use of leguminous crops as green manures is also of value as a means of 
increasing nitrogen and organic matter. The practice of green manuring is essen­
tial on grain farms where little or no farm manure is produced. It may also be 
of value on livestock farms to provide a substitute material or supplement for the 
farm manure. The proper use of crop residues is also very desirable as a means 
of maintaining the supply of organic matter in the soil.
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On the more sandy types in the county, such as the Clarion fine sandy loam, the 
Dickinson fine sandy loam, the Sioux fine sandy loam and the Buckner fine sandy 
loam, the application of fertilizing materials supplying organic matter and nitrogen 
particularly necessary. Additions will also prove of value on other types, 
such as the Carrington loam, the Sioux loam, the Hancock loam and the Webster 
loam. Small applications of manure would prove of value on newly drained areas 
of the heavier textured types, but large additions should not be made as there is 
danger of causing the small grain crops to lodge. The value of applications of 
small amounts of farm manure to newly drained areas of the heavier textured 
soils is due to the stimulation of the production of available plant food.
Erosion occurs to a limited extent in the county. This injurious action is not 
nearly as important as in many other counties. The rolling phase of the Clarion 
loam is the only type which is affected to a serious extent. There are some indica­
tions of erosion on the Clarion loam, the Clarion fine sandy loam and the Dickinson 
fine Sandy loam, but in general not very extensive erosion occurs. In the case 
of the rolling phase of the Clarion loam, some method of protecting the soil from 
the loss of surface soil thru erosion should be practiced. From among the sug­
gestions given later in this report, some method may be chosen which will protect 
the soil and prevent surface washing and the formation of gullies.
TH E GEOLOGY OF KOSSUTH COUNTY
The early geological history of the county is of no significance in the study of 
the soils of the area and hence will not be considered here in detail. The rock 
formations underlying the soils have been so deeply buried by relatively recent 
deposits of glacial drift or till that they have no influence on soil conditions and 
their character and origin need not be described.
The history of the glacial deposits is especially important in a consideration of 
the soils of the county. During the glacial age at least two great ice sheets swept 
down from the north and covered the entire county. Each left behind upon its 
retreat a vast mass of debris known as glacial drift or till. The drift material 
represents a vast accumulation of material picked up by the glacier in its forward 
movement; hence it is extremely variable in composition. The earlier glacier 
which is known as the Kansan swept over the entire surface of the land, leveling 
the old hills and filling the old valleys. It buried the native rock material and 
the areas of pre-Kansan sand and gravel which occurred irregularly. The old 
Kansan till is typically a very stiff and impervious blue clay. * It contains pebbles 
and boulders of varying size and shape and considerable sand. When weathered 
the drift material oxidizes to a reddish-brown or yellow. In depth the Kansan 
till is quite variable, ranging from 10 to over 300 feet. None of the soil types 
developed at present in the county are derived from the Kansan till, altho this old 
deposit may have had some effect on the subsoil conditions in the Dickinson fine 
sandy loam.
At a later date a second glacier known as the Wisconsin invaded the county 
and upon its retreat laid down over the previous Kansan deposits a layer of glacial 
material consisting of a mixture of clay, sand, silt and boulders. The color of
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the drift is light, often whitish when dry. It is sometimes yellowish to buff in 
color.
It often contains much lime in a finely divided state and sometimes limestone 
I boulders. The pebbles and boulders present are of varying sizes but in general 
I they are small. The depth of this deposit is quite variable, but it does not average 
I more than 15 feet. In the more level areas of the upland it never exceeds 25 feet 
I in depth, and often is no more than 5 or 6 feet. In rougher areas the depth of 
the deposit is frequently very much greater, in some places being 80 to 100 feet 
in thickness.
Since its deposition this drift deposit has been modified considerably by the 
growth of vegetation and the accumulation of organic matter which has brought 
I about a darkening of the surface layers. The upper soil is now generally black 
or a very dark brown and frequently this dark color extends to considerable depths. 
The impervious character of the underlying till, the level topography of the land 
I and the poor drainage conditions which are characteristic of the entire area have 
I led to a very slow decomposition of the organic matter accumulation; hence there 
I has been a large increase in the content of organic matter in the soil. There also 
I has been a leaching of the lime content, most of the surface soils being acid in 
I reaction at the present time. The lower subsoil of the various types usually is 
I made up of the typical Wisconsin drift, often little modified, consisting of a 
I grayish or yellowish highly calcareous clay containing much gravel and some 
I boulders.
The upland soils of the county are derived entirely from the Wisconsin drift 
I deposits and are classified in the Clarion, Webster and Dickinson series. The
I Clarion soils are formed on the more rolling upland and are comparatively light
I in color, usually a dark brown and have a yellowish to grayish-yellow subsoil.
I The color of the subsoil is determined to a large extent by the amount of lime
present. The Webster soils are developed on the more level, poorly drained areas 
and are black in color with grayish subsoils. The Dickinson soils are developed 
on the more rolling areas and have sandy or gravelly subsoils.
Along the streams are small areas of terraces or second bottoms which were 
undoubtedly formed when the melting glacier was pouring large amounts of water 
thru the drainage channels. Quantities of coarse material were deposited by these 
glacial waters, and, as the streams * formed smaller channels with a decrease in 
volume of water, these old alluvial deposits formed into terraces. In this way 
the soils of the Sioux series were developed with a lime content in the subsoil. 
The Buckner and Hancock soils are also found on terraces or second bottom^ 
lands. The Fargo soils are old lake beds occurring in depressed areas which are 
high in lime content. The recent alluvial deposits along the streams are classi­
fied in the Wabash and Lamoure series. Areas of peat and muck are found 
thruout the uplands in low swampy spots where water stands for varying periods 
of time.
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PHYSIOGRAPHY AND DRAINAGE
In topography Kossuth County is generally flat or undulating, marked here and 
there by a low hill or ridge. Some of the areas, however, are gently rolling and 
a few along the East Fork Des Moines River and Black Cat Creek are strongly 
rolling or broken. In the southern part of the county, south of a line passing 
from Whittemore thru Irvington and about a mile below both Saint Benedict and 
Wesley, is a smooth drift plain. This part of the country is characterized by a 
smooth surface and a narrow belt of more strongly undulating land adjacent to 
some of the drainageways. This drift plain is traversed by the East Fork Des 
Moines River.
North of the line mentioned, the elevation is higher and the land is not so flat, 
altho it is smooth. Only a few small areas are rolling or broken. The surface is 
marked by numerous flat depressions and potholes, and scattered knobby hills 
rise from 20 to 50 feet above the general level. Several small streams occur in 
this part of the county:
The natural drainage system of the county is rather incomplete, and drainage 
is normally inadequate. The limited extent of the natural drainage system is in­
dicated in the accompanying drainage map. The general slope of the land is to 
the south as is also the general course of the East Fork Des Moines River. This 
river with its tributaries drains the entire county except the north, central and 
northeastern parts which are drained northward into Minnesota by the Blue Earth 
River and its tributaries. Many of the streams in their natural state were slug­
gish and flowed thru poorly drained marshes. In many places the streams have 
no eroded channels whatever. There are considerable areas into which the streams 
with their tributaries do not penetrate. Extensive areas of poorly drained land 
occur thruout the county.
The channels of some of the streams have been dredged and straightened, and 
the streams now flow thru artificial ditches. The installation of tile has been 
practiced to a considerable extent, nearly every farm in the county having some 
improved draihage of this type. Union Slough before it was drained was a body 
of marsh draining from the north near Lakota into Blue Earth River and from 
the south in Section 9 of Portland Township into Buffalo Creek. This slough 
is a depression about 12 miles long, varying in width from Y  of a mile to 1Y miles. 
It is bordered for the most part by well defined banks which in general are pre­
cipitous and are from 20 to 30 feet high.
The flood plains of the streams of the county are not wide, in a few places being 
as wide as a quarter of a mile except along the East Fork Des Moines River 
where in places they obtain a width as great as a mile. This river, and to a lesser 
extent its> larger tributaries, is bordered by level gravel terraces which are more 
or less continuous from the point where the river enters the county to a point a 
few miles south of Bancroft and again from west of Irvington to the southern 
county line.
While there has been a vast improvement in the drainage conditions of the 
county thru the installation of drainage ditches and the laying of tile, areas of 
land which are too wet for satisfactory crop yields still remain. In such areas the 
installation of tile provided with proper outlets is very desirable.
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TH E SOILS OF KOSSUTH COUNTY
The soils of Kossuth County are grouped into three classes, according to their 
origin and location. These groups are drift soils, terrace soils and swamp and 
bottomland soils. Drift soils are those deposited by glaciers upon their retreat. 
They contain material from various sources and some pebbles and boulders. Ter­
race soils are old bottomlands which have been raised above overflow by a decrease 
in the volume of the streams which deposited them or by a deepening of the river 
channel. Swamp and bottomland soils are those occurring in low, poorly drained 
areas or along streams, and they are subject to more or less frequent overflow. 
The total acreage and percent of the area of the county included in each of these 
three groups of soils are shown in table II.
T A B L E  II. AREAS OF D IFFE R E N T GROUPS OF SOILS IN K OSSUTH
C O U N TY
Soil group Acres
Percent of 
total area 
of county
578,752 91.9
11,840 1.8
Swamp and bottomland so ils----------------------------------------------- — 38,528 6.3
Total- ----------------— i------ ----------------------------------------------- 629,120 —
Over nine-tenths of the county, 91.9 percent, is covered by the drift soils. Ter­
race soils are minor in area, covering only 1.8 percent of the county. Swamp and 
bottomland soils are more extensive, covering 6.3 percent of the area. There are 
15 individual soil types in the county, and these with the rolling phase of the 
Clarion loam, the areas of peat, muck and the gravel pits make a total of 19 separate 
soil areas. There are six areas of drift soils including the rolling phase of the 
Clarion loam, five terrace types and eight areas of swamp and bottomland soils 
including the areas of peat and muck and the gravel pits. The various types are 
distinguished on the basis of certain definite characteristics which are described in 
the appendix of this report. The names of the types indicate these characteristics. 
The areas of the various types in the county are shown in table III.
The Clarion loam is by far the largest individual soil. With the rolling phase, 
which is much smaller in extent, it covers 40.1 percent of the total area. The 
Webster silty, clay loam is the second largest drift soil and the second most ex­
tensively developed type. It covers 27.8 percent of the county. The Webster 
loam is somewhat smaller in area, covering 23.6 percent of the county. The re­
maining drift soils, the Clarion fine sandy loam and the Dickinson fine sandy loam, 
cover 0.2 percent of the area of the county, respectively.
The Sioux fine sandy loam is the largest of the terrace soils, covering 1.3 per­
cent of the total area. The Sioux loam is smaller in extent, covering 0.2 percent 
of the county. The Fargo silty clay loam, Buckner fine sandy loam and Hancock 
loam, the remaining terrace types, each cover 0.1 percent of the total area. The 
Lamoure silty clay loam is the largest of the bottomland soils, covering 2 percent 
of the total area. The Wabash silty day loam is the second bottomland type,
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TAB LE III. AREAS OF D IFFE R E N T SO IL TYPES IN K O SSU TH  C O U N TY
Soil
No.
Percent of
Soil Type Acres total area 
of county
D R IFT SOILS
138 Clarion loam ____________ 243,328 Ì 
9,024 ) 
1,600 
174,592 
148,736 
1,472
150 Clarion loam (rolling phase) ____ _
149 Clarion fine sandy lo a m ___
107 Webster silty clay lo a m ______
55 Webster loam _ _______
175 Dickinson fine sandy lo a m ______
TER R ACE SOILS
171 Sioux fine sandy loam _ _ _ _ _ 8,320 1.376 Sioux loam _ _ ____ M08 0.2109 Fargo silty clay loam ___ _ 576 0.1
45 Buckner fine sandy loam _____  __ _ 896 0.161 Hancock loam _ ___ 640 0.1
SW A M P  AN D  B O T T O M L A N D  SOILS
49 Wabash lo a m _____  _ _ 256 0.126 Wabash silt loam _ _ 4,992 0.848 Wabash silty clay loam ____ __ 8^512 1.4153 Lamoure silt loam ___ 1,600 0.2111 Lamoure silty clay loam _ _ 12¡672 2.021 P e a t_______ _______ 3 136 0 Ç
21a M u ck_ _ 7 296 1 ?
— Gravel P i t s __ , _____ ’ 64 0.1
T o ta l____ * ________  _ _ 629,120 —
covering 1.4 percent of the county. There is a rather considerable area of muck, 
covering 1.2 percent of the area. The remaining bottomland soils cover less than 
1 percent of the total area of the county.
There is a rather definite relation between the topographic features of the 
county and the soil types occurring in the various areas. The Clarion loam varies 
from undulating to gently rolling in topography, becoming more rolling where it 
approaches the streams. The rolling phase of the Clarion loam, as the name in­
dicates, is strongly rolling in topography and becomes rough along the river. The 
Webster soils are all typically level to very slightly undulating in topography. Some 
of the heavier types are flat. The Clarion fine sandy loam and the Dickinson 
fine sandy loam are rather rolling in topography, occurring in the rougher sections 
of the county. The topographic features of the terrace and bottomland soils are 
not well developed. The Sioux, the Buckner and Hancock types are developed on 
the higher terraces, however, while the Fargo is found on the depressed areas. 
The bottomland soils are all subject to overflow, and the areas of peat and muck 
are usually under water for a large portion of the year. These latter soils must 
all be protected from overflow after they have been provided with adequate drain­
age. Drainage is the first treatment needed for the bottomland types, and it is 
also essential for the proper production of crops on the Fargo silty clay loam on 
the terraces and the Webster soils on the uplands.
*
The Fertility in Kossuth County Soils
Samples were taken for analysis from each of the soil types in the county. The 
areas of muck and peat were not sampled because of their great variability in
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character and the fact that the results of the analyses would mean very little. The 
more extensive types were sampled in triplicate, while in the case of the minor 
types only one sample was taken.
The samples were all drawn to represent accurately the typical soils and care 
was taken that the results would not be rendered unsatisfactory because of some 
peculiar local conditions or previous treatment of the soil. The samples were 
drawn at three depths, 0 to 6^3 inches, 6^3 to 20 inches and 20 to 40 inches, 
representing the surface soil, the subsurface soil and the subsoil, respectively. 
Analyses were made of all samples for total phosphorus, total nitrogen, total or­
ganic carbon, total inorganic carbon and limestone requirement. The official 
methods were employed for the determination of the phosphorus, nitrogen and 
carbon, and the Truog qualitative test was used in determining the limestone 
requirements. The figures given in the tables are the averages of all the results 
secured on all of the samples, and they represent, therefore, the averages of two 
or six determinations.
THE SURFACE SOILS
The results of the analyses of the surface soils are given in table IV. They 
are calculated in pounds per acre on the basis of 2 million pounds of surface soil.
The amount of phosphorus present in the soil is quite variable, ranging from 
821 pounds per acre in the Dickinson fine sandy loam up to 1,925 pounds per acre 
in the Wabash silt loam on the bottoms. No relation is apparent between the 
phosphorus supply and the various soil groups, altho the bottomland types will 
average somewhat higher than the upland or terrace soils as might be expected
T A B L E  IV. P LAN T FOOD IN K O SSU TH  C O U N T Y , IO W A , SOILS  
Pounds per acre of 2 million pounds of surface soils (0-6% ")
Total Total Total Limestone
Soil Soil Type phos- Total organic inorganic require-
No. phorus nitrogen carbon carbon ment
D R IFT SOILS
138 830 4,720 47,804 4,000
150 Clarion loam (rolling
848 3,960 37,114 4,000
149 Clarion fine sandy loam 983 3,900 38,463 3,000
107 Webster silty clay loam 1,293 5,160 45,389 26,701 None
55 Webster loam —  _ — 896 5,280 48,395 1,627 None
175 Dickinson fine sandy
loam ________________ 821 2,600 26,997 6,000
TER R ACE SOILS
171 Sioux fine sandy loam _ 1,198 3,680 39,486 3,000
76 1,711 3,240 44,341 6,000
109 Fargo silty clay loam — l)212 8,960 76,583 8,199 None
45 Buckner fine sandy
835 3,000 28,142 5,UUU
61 Hancock lo a m ------------- 969 4,800 45)759 4,000
SW A M P  A N D  B O T T O M L A N D  SOILS
49
26
1,347 3,760 
. 6,200
42,459 3,000
Wabash silt loam -------- 1)925 54,240 4,000
48 Wabash silty clay loam 1,791 8,600 68,227
2,338
None
153 Lamoure silt loam ------ 1,495 6,920 62,101 None
111 Lamoure silty clay 
loam _________________ 1,373 7,000 51,766 17,118 None
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because of the fact that there has been a lower crop growth on the bottomland 
types and hence a smaller removal of the various plant food constituents. There 
is some evidence of a relationship between the phosphorus supply and the various 
soil series. Thus, on the uplands the Webster soils are generally richer than the 
Clarion or Dickinson types, and the Clarion types are somewhat better supplied 
than the Dickinson. On the terraces the Sioux and Fargo soils are richer than 
the Buckner and Hancock types. On the bottomlands there is very little difference 
between the Wabash and the Lamoure soils.
There is some indication of a relationship between the phosphorus content and 
the texture of the soil. Thus, on the drift uplands the Webster silty clay loam -is 
higher in phosphorus than the Webster loam. The Clarion fine sandy loam, how­
ever, is richer than the Clarion loam, which is contrary to the usual results. On 
the terraces the Sioux loam is much higher than the Sioux fine sandy loam. On 
the bottomlands the Wabash silt loam is richer than the Wabash loam, but the 
Wabash silty clay loam is slightly lower than the Wabash silt loam, which again is 
contrary to the usual results. The differences, however, are not very great. Sim­
ilarly, in the case of the Lamoure silt loam and the Lamoure silty clay loam, there 
is very little difference in the phosphorus content. In general it seems that the 
line textured soils are higher in phosphorus than the coarse textured types. Silty 
clay loams are usually better supplied than silt loams, which in turn are richer 
than loams or sandy loams.
The characteristics which serve to distinguish the various soil types seem to 
have some effect upon the phosphorus supply. Those types which are dark in 
, color, level to flat in topography and have heavy subsoils are usually well sup­
plied with the various plant food constituents, and those soils which are fine in 
texture are rich in the various elements. Thus, the Webster soils are darker in 
color, more level in topography and heavier in the subsoil than the Clarion and 
Dickinson types, and they are richer in phosphorus. The Fargo soils are blacker 
in color, more depressed in topography, have heavier subsoils and are higher in 
phosphorus than the Buckner and Hancock types. The Sioux soils on the terraces 
are richer than the Buckner and Hancock soils in spite of the fact that they have 
sandy or gravelly subsoils.
The phosphorus supply in the soils of the county is so low that phosphorus 
fertilizers will certainly be needed in the near future and may be of value now.
The nitrogen supply in the soils of the county is somewhat variable, ranging 
from 2,600 pounds per acre in the Dickinson fine sandy loam, up to 8,960 pounds 
per acre in the Fargo silty clay loam. As in the case of phosphorus, no. definite 
relation was noted between the nitrogen content and the various soil groups except 
that the bottomland types seem to be somewhat better supplied than the upland or 
terrace types. Again this condition is due to lower crop growth on these soils 
and less leaching.
A  relationship between the soil series and the, nitrogen supply is evidenced in 
a few cases. The characteristics which serve to determine the separation of the 
soils into series, seem to be reflected in the nitrogen content. Thus, on the drift 
uplands the Webster soils are much richer in nitrogen than the Clarion or  Dick-
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inson types, on the terraces the Fargo silty clay loam is much higher than the other 
terrace types and the Hancock loam is better supplied than the Sioux and Buckner 
soils. On the bottomlands little difference is noted between the Wabash and 
Lamoure types. It appears again that the color of the soil, the topography and 
the subsoil characteristics have an influence on the content of plant food. Soils 
like the Webster which are black in color, level in topography and have heavy sub­
soils are higher in nitrogen than lighter colored soils like the Clarion and Dickinson, 
which are more rolling in topography and have less heavy subsoils. The Fargo 
silty clay loam on the terraces is black in color, level to depressed in topography, 
has a heavy subsoil and is higher in nitrogen than the other terrace types. The 
Hancock loam is better supplied than the Sioux soils which have sandy or gravelly 
subsoils.
The effect of the texture of the soil on the nitrogen supply is indicated by the 
results of some of the tests. Thus, the Clarion loam is richer in nitrogen than the 
Clarion fine sandy loam and is better supplied than the rolling phase of the Clarion 
loam. There is little difference between the Webster silty clay loam and the 
Webster loam; ordinarily the silty clay loam would be somewhat higher. The 
Sioux fine sandy loam and Sioux loam are very similar in nitrogen, the fine sandy 
loam showing a slightly higher content which is contrary to the usual results. On 
the bottomlands the Wabash silty clay loam is much higher than the silt loam 
which in turn is very much richer in nitrogen than the Wabash loam. The 
Lamoure silty clay loam is a little better supplied than the Lamoure silt loam. In 
general these results bear out other data in showing that fine textured soils are 
richer in nitrogen than coarse textured types.
The nitrogen content of the soils of Kossuth County is not low, but the element 
must not be overlooked in planning systems of permanent fertility for the county.
There are variations in the supply of organic carbon in the soils of this county, 
the amount present ranging from 26,997 pounds per acre in the Dickinson fine 
sandy loam up to 76,583 pounds per acre in the Fargo silty clay loam. These are 
the same types which showed the lowest and highest content of nitrogen, respective­
ly. The relationship between the organic carbon supply and the various soil 
groups is very similar to that noted in the case of the nitrogen. The bottomland 
types are a little better supplied than the upland or terrace types on the average. 
The differences, however, are not great.
There is some evidence of a relationship between the organic carbon supply and 
the soil series. Thus, the Webster soils are somewhat better supplied than the 
Clarion and Dickinson types. The Fargo silty clay loam is much richer than the 
Sioux, Buckner or Hancock types. There is little difference between the Wabash 
and Lamoure types on the bottoms. It seems again that the characteristics which 
distinguish the soil series have an effect on the supply of organic matter. Those 
soils which are blacker in color, more level to depressed in topography and have 
heavier subsoils are richer in organic matter than the light colored soils which are 
more rolling in topography, and have more open and porous subsoils. The rela­
tionship between the Webster, Clarion and Dickinson soils is very definitely indi­
cated. The Dickinson types, which are the lightest in color, most rolling in 
topography and have sandy or gravelly subsoils, are the lowest in organic matter,
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The Webster types, which are the darkest in color, are level to depressed in 
topography and have heavy subsoils, are the richest in plant food constituents. 
The Clarion types occupy an intermediate position in all the characteristics men­
tioned and in organic matter supply.
There is some evidence of the effect of the texture of the soil upon the organic 
matter content. Thus, the Clarion loam is richer in organic matter than the rolling 
phase or the fine sandy loam, and the Webster loam is a little richer than the 
silty clay loam, which is contrary to the usual results. On the terraces the Sioux 
loam is higher in organic matter than the fine sandy loam. On the bottomlands 
the Wabash silty clay loam is higher than the silt loam which in turn is higher than 
the loam. The Lamoure silty clay loam is a little lower in organic matter than the 
Lamoure silt loam, which is contrary to the usual results. In general, however, 
the results bear out previous conclusions that fine textured types are richer in 
organic matter than are coarse textured soils.
The relationship between the supply of organic matter and the supply of nitro­
gen in soils gives some indication of the rate of decomposition of the organic 
matter and hence of the rate of production of available plant food constituents. 
In some of the soils in Kossuth County this relationship is not at the optimum, 
therefore additions of farm manure are particularly valuable on these types inas­
much as the manure stimulates the production of available plant food. Beneficial 
effects would be evidenced particularly on the Clarion loam, the Clarion fine sandy 
loam, the Dickinson fine sandy loam, the Fargo silty clay loam, the Buckner fine 
sandy loam, the Hancock loam and some of the bottomland types.
While the supply of organic matter is not low in most of the soils of this county, 
neither is it so high that no attention need be paid to it. Systems of soil manage­
ment must provide for the addition at regular intervals of fertilizing materials sup­
plying organic matter, or the content of the soils will soon become deficient.
The soils of the Webster, Fargo and Lamoure series show inorganic carbon in 
the surface soils. The remainder of the types are all acid at the surface. The 
soils of the series mentioned, have no lime requirement, of course, but all the other 
types show a need for lime in the surface soil. Some of the soils, particularly the 
Sioux, Clarion and Hancock types, contain lime in the subsoil as will be shown in 
the tables given later. But in spite of this supply of lime in the lower soil layers, 
it is necessary that lime be applied to the surface soils if the best crop yields and 
especially the best yields of legumes are to be secured. The soils of the Clarion, 
Dickinson, Sioux, Buckner, Hancock and Wabash series should, therefore, be 
tested for lime needs, and lime should be applied as necessary for the most satis­
factory results. Occasionally the Webster soils may need lime in the surface soil, 
especially the Webster loam, and when such is the case, lime should be applied.
The results given in the table are merely indicative of the lime needs of the 
soils. Soils vary widely in lime requirements, and tests should always be made 
on individual types before lime is applied. The farmers in this county should see 
to it that their soils are tested, especially those of the uplands except the Webster 
types, and lime should l?e applied if they would obtain the best crop yields.
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T A B L E  V. P LA N T FOOD IN K O SSU TH  C O U N TY, IO W A , SOILS  
Pounds per acre of 4 million pounds of subsurface soil (6 ^ "-2 0 ")
Total Total Total Limestone
Soil Soil Type phos- Total organic inorganic require-
No. phorus nitrogen J carbon carbon ment
D R IFT SOILS
138
150
149
1,356 6,107
4,720
4,640
59,375
46,468
45,031
3,000
Clarion loam (rolling
p h ase)-------- ---------------
Clarion fine sandy loam
1,266
1,912
3.000
3.000
107 Webster silty clay loam 1,925 5,600 46,243 62,462 None
55 Webster loam _______ 1,589 6,680 51,173 25,173 None
175 Dickinson fine sandy 
l o a m _____ ______  _ 1,400 3,840 35,069 6,000
TER R AC E SOILS
Sioux fine sandy loam _ 1,778 4,800 41,941 3,000
2,908
1,696
4,240 48,104
66,554
4,000
Fargo silty clay loam — 6,880 63,687 None
Buckner fine sandy
1,212 2,800
5,600
34,305
52,218
4,000
Hancock loam _ —  — M80 3,685 None
SW A M P  AN D  B O T T O M L A N D  SOILS
49
26
3,070 8,120
8,160
81,810
86,554
3,000
Wabash silt loam — _ 2,854 3,000
48 Wabash silty clay loam 2,450 5,600 60,812
16,672
None
153 Lamoure silt loam __ 1,830 4,720 63,774 None
111 Lamoure silty clay 
loam _____ ______ __ 1,588 4,480 30,828 40,728 None
THE SUBSURFACE SOILS AND SUBSOILS
The results of The analyses of the subsurface soils and subsoils are given in 
tables V  and VI. They are calculated on the basis of 4 million pounds of subsurface 
soil and 6 million pounds of subsoil per acre. In general the plant food content 
of the lower soil layers has little influence on the fertility of the soil unless a 
large amount of some constituent is present, or the supply of some element is very 
deficient. In the soils of Kossuth County, there is no very large amount of any 
plant food constituent in the lower soil layers, neither is there any striking deficit. 
It is not necessary, therefore, to consider these analyses in detail.
It may be noted that the conclusions drawn regarding the needs of the soils of 
the county as indicated by the analyses of the surface soils are very largely con­
firmed by the analyses of the lower soil layers.
Some of the types show a content of inorganic carbon and no need for lime. 
There is a high content of lime in some of the lower soil layers but if the surface 
soils are acid, lime should be applied for the best results. Lime rarely moves up­
ward in the soil, and if the legumes are to make a good early growth, the acidity 
of the surface soil must be neutralized. All those types in the county which show 
acidity in the surface soil should receive lime.. Farmers should test their types 
and determine their need for lime and make proper applications if they would 
secure the best crop yields.
K O SSU TH  C O U N TY SOILS 19
T A B L E  VI. P LA N T FOOD IN K O SSU T H  CO U N TY, IO W A , SOILS  
Pounds per acre of 6 million pounds of subsoil (20"-40")
Total Total Total Limestone
Soil Soil Type phos- Total organic inorganic require-
No. phorus nitrogen carbon carbon ment
D R IFT SOILS
138 Clarion lo a m ___________ 2,329 3,800 34,772 61,524 None
150 Clarion loam (rolling 
p h ase )____ _______ 2,301 3,260 10,856 51,483 None
149 Clarion fine sandy loam 2,262 4,610 12,681 172,728 None
107 Webster silty clay loam 2,687 4,770 32,268 89,956 None
55 Webster loam _____ 2,343 4,930 22,832 116,489 None
175 Dickinson fine sandy 
loam ______ _________ 1,535 5,260 23,479 ' 3,000
TER R ACE SOILS
171 Sioux fine sandy loam _ 3,594 5,580 3,125 92,347 None
76 Sioux loam _ _____ 3,798 4,940 188,537 20,814 None
109 Fargo silty clay loam __ 2,301 6,380 48,102 38,125 None
45 Buckner fine sandy
loam 1,414 1,980 19,307 3 000
61 Hancock loam ______ 2^505 6^060 38,107 19,405 None
SW A M P  AN D  B O T T O M L A N D  SOILS
49 Wabash loam 3,717
2,667
12,620
7,820
5,260
88,600
72,319
66,748
3,000
26 Wabash silt loam 3,000
None48 Wabash silty clay loam 2j262
153 Lamoure silt loam ____ 2,181 4,440 26,855 15,522 None
111 Lamoure silty clay 
l o a m _______________ 2,139 4,120 19,933 19,744 None
Greenhouse Experiments
Three greenhouse experiments were carried out on soils from Kossuth County, 
the Clarion loam, the Webster loam and the Webster silty clay loam, three of the 
most extensive soil types, in order to learn something of the value of applications 
of various fertilizing materials.
In all these tests the soils were treated with manure, lime, superphosphate, and 
muriate of potash. The amounts of these materials added were the same as those
Fig. 3. Wheat and clover in greenhouse experiment on Clarion loam, Kossuth County.
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T A B L E  V IL  G REEN H O U SE E X P E R IM E N T , CLARIO N  LO AM , K O SSU TH
C O U N TY
Pot
No.
Treatment
Weight of 
wheat grain 
in grams
Weight of 
clover in 
grams
1 Check __ 18.7 94.5
2 Superphosphate _ ___ 21.5 117.4
3 Limestone +  superphosphate _ 22.1 113.7
4 Manure _ 24.9 97.9
5 Manure +  superphosphate _ 25.8 95.8
6 Manure -j- limestone ■+ superphosphate _ _ 25.9 100.3
7 Manure +  limestone +  superphosphate -f- potassium 29.6 84.9
used in field experiments. Manure Avas applied at the rate of 8 tons per acre; lime 
was added in sufficient amounts to neutralize the acidity of the soil; superphosphate 
was added at the rate of 200 pounds per acre, and muriate of potash at the rate of 
50 pounds per acre. Wheat and clover were grown in all the tests, the clover 
being seeded about one month after the wheat was up.
THE RESULTS ON THE CLARION LOAM
The results of the experiment on the Clarion loam from Kossuth County are 
given in table VII. The superphosphate increased the yields of both the wheat and 
clover, bringing about a very pronounced effect on the clover crop. Lime with 
the superphosphate gave a slight increase in the yield of wheat but had no effect 
on the clover. The manure alone increased the yields of both crops, showing a 
very large effect on the wheat, a larger effect, in fact, than that brought about by 
the superphosphate. In the case of the clover the manure did not show quite as 
large an effect as the superphosphate. The manure with the superphosphate had a 
larger effect than the manure alone in the case of the wheat but had no beneficial 
effect on the clover. The manure, lime and superphosphate together showed no 
greater effect on the wheat than did the manure and superphosphate without the 
limestone. In the case of the clover there was a distinct increase in the yield.
Fig. 4. Wheat and clover in greenhouse experiment on Webster loam, Kossuth County.
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Fig. 5. Clover in greenhouse experiment on Webster silty, clay loam, Kossuth County.
The application of muriate of potash with the manure, lime and superphosphate 
increased the yield of wheat to a considerable extent but had no beneficial effect 
on the clover.
THE RESULTS ON THE WEBSTER LOAM
The results secured on the Webster loam from Kossuth County are given in 
table VIII. The application of superphosphate increased the yield of wheat to an 
appreciable extent but brought about an enormous increase in the yield of clover. 
Lime with the superphosphate had no beneficial effect on the wheat but increased 
the clover in a definite way. The manure applied alone gave a larger increase 
on the wheat than did the superphosphate but had a slightly smaller effect on the 
clover. The superphosphate with the manure showed very little benefit in the 
case of the wheat and no effect at all in the case of the clover. Lime with the 
manure and superphosphate increased the yield of wheat and brought about a 
very large increase in the yield of clover. The muriate of potash with the manure, 
lime and superphosphate showed no beneficial effect on the wheat but gave an 
enormous increase in the yield of clover.
TA B L E  V III. G REEN H O U SE E XP E R IM E N T, C LAR IO N  LO ÁM , KOSSUTH
CO U N TY
Pot
No.
Treatment
Weight of 
wheat grain 
in grams
Weight of 
clover in 
grams
1 Check __ 17.1 21.7
■ 2 - Superphosphate _ — - 20.1 71.1
3 Limestone -f- superphosphate 19.7 75.6
4 Manure _ _ 22.2 65.6
5 Manure +  superphosphate _ _ 22.4 55.4
6 Manure +  limestone +  superphosphate 24.3 79.8
7 Manure -j- limestone +  superphosphate +  potassium 23.4 114.1
THE RESULTS ON THE WEBSTER SILTY CLAY LOAM
The results secured on the greenhouse experiment on the Webster silty clay 
loam from Kossuth County are given in table IX. The superphosphate increased
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T A B L E  IX . G REEN H O U SE E X P E R IM E N T , W E B ST E R  SIL T Y  C LAY LO AM ,
K O SSU TH  C O U N TY
Pot
No!
Treatment
Weight of 
wheat. grain 
in grams
Weight of 
clover in 
grams
1 Chrrlr ... ..... . 15.4 36.0
2 Superphosphate ________ _______ _________________ .•_______ 16.9 87.1
3 Mannrp ______ 17.2 67.5
4 Manure +  superphosphate __________________________ — 18.2 89.5
5 Manure +  superphosphate -f- potassium _____ ____________ 19.4 126.0
the yield of wheat and brought about an enormous increase in the yield of clover. 
The manure alone had a greater effect than the superphosphate on the wheat but 
showed a much less effect on the clover. The superphosphate with the manure 
increased the yield of wheat over the manure alone and brought about a very 
large effect on the clover. The muriate of potash with the manure and superphos­
phate gave a definite increase in the yield of wheat and a very large increase in 
the yield of clover.
Field Experiments
No field experiments have been carried out in Kossuth County but the results 
of tests which are under way in other counties on the same soil types as those 
which occur extensively in this county will be given in this report to indicate the 
effect of certain fertilizer treatments. The data obtained on the Clarion loam on 
the Truesdale Field Series I and the Truesdale Field Series II in Buena Vista 
County, on the Thompson Field in Winnebago County, on the Clarion Field in 
Wright County, on the Ruthven Field in Palo Alto County, on the Webb Field in 
Clay County, on the Superior Field in Dickinson County, on the Webster silty
Fig. 6. Wheat and clover in greenhouse experiment on Webster silty clay loam,
' Kossuth County.
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clay loam on the Storm Lake Field in Buena Vista County and on the same type 
on the Newell Field in Buena Vista County are included. The results obtained on 
these fields may be considered directly applicable to conditions in this county.
These field experiments were all planned with the idea of determining the 
relative value of various soil treatments. They are laid out on land which is 
representative of the individual soil types. They are permanently located by the 
installation of corner stakes, and all precautions are taken in the application of 
fertilizers and in the harvesting of the crops to insure the securing of accurate 
results. On these fields tests are included under both the livestock and the grain 
systems of farming, manure being employed in the former and crop residues being 
utilized in the latter. Other fertilizing materials tested include limestone, rock 
phosphate, superphosphate, a complete commercial fertilizer and muriate of potash.
Manure is applied at the rate of 8 tons per acre once in the rotation. Lime­
stone is used in sufficient amounts to neutralize the acidity of the soil. Rock phos­
phate is added at the rate of 1,000 pounds per acre once in a four-year rotation. 
Until 1925 this material was applied at the rate of 2,000 pounds per acre once in 
the rotation. Superphosphate is applied at the rate of 120 pounds of the 20 per­
cent material per acre three times in the four-year rotation. Until 1923 this ma­
terial was applied at the rate of 200 pounds of the 16 percent phosphate per acre 
annually. After 1923, 150 pounds of the 16 percent superphosphate were employed 
three years out of four in the four-year rotation. Until 1923 the old standard 
2-8-2 complete fertilizer was used, being applied at the rate of 300 pounds per 
acre annually. From 1923 to” 1929, a 2-12-2 standard complete commercial ferti­
lizer was employed, the application being made at the rate of 200 pounds per acre 
annually, thus applying the same amount of phosphorus as that contained in the 
superphosphate. Beginning in 1929 a 2-12-6 or a 2-16-2 complete commercial fer­
tilizer was used, application being made in a sufficient amount to supply the same 
quantity of phosphorus as that added by the superphosphate. On the Webster silty 
clay loam, the 2-16-2 fertilizer is being employed, the 2-12-6 brand being applied in 
the case of the Clarion loam. Muriate of potash is applied at the rate of 25 pounds 
per acre annually three years out of four in the four-year rotation.
THE TRUESDALE FIELD
The results secured on the field experiments on the Truesdale Field, Series I, 
in Buena Vista County, are given in table X . The manure brought about an 
increase in all the crops except the clover in 1921 and the barley in 1929, the 
largest increase being evidenced on the corn in 1922 and in 1928. The sweet clover 
in 1926 also showed a large increase. Lime increased the yields in all cases 
except the corn in 1928. It showed the best results with the clover as would be 
expected. The rock phosphate with the manure and lime gave increases in most 
years, the largest effect appearing on the clover. The effect on the oats and corn 
was smaller and in the case of the corn in 1922 and the oats in 1923, no increases 
were secured. The superphosphate gave very similar increases to the rock phos­
phate in some seasons. With the clover in 1921, however, there was a much larger 
effect from the superphosphate while on the same crop in 1926, there was a smaller
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T A B L E  X . FIELD  E X P E R IM E N T , CLARIO N  LO AM , BU EN A V IST A  
• C O U N TY, T R U ESD A LE  FIELD , SERIES I
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.
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1 Check............................................ 38.9 56.5 57.2 1.40 48 6 44 2 13.0 48 3 1.12 59.3 37.3 39.3
2 Manure.................. ......... ............. 44.3 57.1 57.9 1.20 61 6 57 7 24.2 57 0 1.45 62.9 54.1 37.9
3 Manure+lime ...................... 46.4 58.1 59.2 1.60 64 0 61 2 32.7 63 2 1.64 68.7 53.9 37.9
4 Manure -j-lime-j-rock
phosphate................................ 54.4 58.7 64.7 2.45 63 2 60 0 34.1 64 6 1.77 74.8 60.8 42.4
5 Manure -f-lime-(-super
phosphate................................. 49.6 58.7 64.9 3.30 61 6 61 2 32.8 73 1 1.60 69.3 55.2 49.9
6 Manure+ lime-(-complete 
commercial fertilizer.............. 49.6 58.7 64.7 3.10 63 7 68 0 37.5 71 0 1.79 70.9 56.3 53.0
7 Check ................................. . 38.4 58.1 56.4 2.20 51 0 54 8 30.2 50 4 1.13 51.9 40.3 37.0
8 Crop residues............................... 49.1 61.9 67.7 2.20 49 7 55 5 27.1 44 3 1.52 54.5 37.1 37.0
9 Crop residues 4-lime ............. 51.2 66.6 66.0 2.20 50 6 54 5 31.0 51 .7 1.68 59.9 49.3 37.9
10 Crop residues-(-lime-(-rock 
phosphate............. .......... ......... 58.9 68.8 68.1 3.10 61 6 60 0 31.4 57 .6 1.50 64.7 49.3 42.4
11 Crop residues-(-lime-(-super­
phosphate................................. 57.6 67.2 76.8 2.90 64 .1 64 5 24.5 71 .0 1.44 69.3 49.6 43.9
12 Crop residues+ lime+  
complete commercial 
fertilizer................. ................. 62.9 66.1 77.6 3.00 60 .4 77 .0 34.4 71 .6 1.29 64.3 50.4 42.4
13 Check.................... ............. ......... 47.5 64.0 56.5 2.10 49 .0 48 .7 29.6 54.4 0.92 55.5 36.3 38.6
(1) Three tons lime applied in the fall of 1917.
(2) Plots 8 to 13 had more moisture; slope into heavier soil.
(3) Three tons lime applied in October.
(4) Dry season cut yields.
(5) Phosphate plots blown down at harvest.
(6) Plots 1 and 2 injured by squirrels. Corn green when husked due to killing frost.
effect. The oats in 1925 were increased to a greater extent by the superphosphate 
than by the rock phosphate and the barley in 1929 showed a greater influence from 
the superphosphate. In most of the other seasons the variations between the 
effects of the two phosphates were insignificant. The complete commercial fer­
tilizer showed gains which were very similar to those which were brought about 
by the phosphate, giving slightly smaller effects than the superphosphate in some 
cases and slightly larger effects in other instances.
The crop residues showed small effects on the yields of succeeding crops except 
in one or two instances. Lime with the residues brought about increases in crop 
yields in most cases, the effect being evidenced most on the sweet clover in 1926 
and on some of the oats crops. The rock phosphate with the lime and crop residues 
increased the yields in practically all cases. Only with the clover in 1926 was no 
increase evidenced. In some seasons the increases were quite large while in other 
cases they were small and insignificant. The clover in 1921 showed a large increase. 
The oats in 1923 and in 1925 were increased considerably. The corn in 1927 
showed an appreciable gain. Thè superphosphate showed larger effects than the 
rock phosphate in some instances, particularly on the oats in 1920 and 1925, with 
very large differences appearing in the latter year. In several other cases, how­
ever, the rock phosphate seemed to give quite as large effects as the superphosphate, 
and in the case of the clover crop the rock phosphate gave a slightly larger in-
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fluence than the superphosphate. The complete commercial fertilizer had about 
the same effect as the superphosphate in most cases. In a few instances it gave 
smaller effects and in one or two cases it had a larger influence than the super­
phosphate. The complete commercial fertilizer had about the same effect as the 
superphosphate in most cases. In a few instances it gave smaller effects, and in 
one or two cases it had a larger influence. The differences, however, were not 
large enough in most cases to be of significance. Only on the oats in 1923 and the 
corn in 1924 were the differences of very large import.
Table X I gives the results on Series II of the Truesdale Field on the Clarion 
loam in Buena Vista County. Again the application of manure increased the yields 
of the various crops, showing very large effects in practically all cases. The corn 
and oats crops were very largely benefited by the use of the manure and a large 
increase in the yield of clover was secured in 1923 and of alfalfa in 1929. Lime 
brought about further increases in the crop yields in most cases. In one or two 
cases applications of lime did not prove of significance, but, in general they were 
quite effective, for example on the alfalfa in 1929.
The rock phosphate, superphosphate and complete commercial fertilizer in­
creased the yields of crops in practically all cases when applied with manure and 
lime. In one or two seasons the rock phosphate did not appear to be of value, 
but the superphosphate and complete commercial fertilizer always brought about
TA B LE  X I. FIELD  E XP E R IM E N T, CLARION LO AM , BU EN A V IST A  
CO U N TY, TR U ESD A LE  FIELD , SERIES II
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1 Check........................— ........... 69 9 47 5 32 8 18 5 1 72 38 o 40 o 29 9 50 1 31 8 ? 00
2 Manure....... ............................. 94 2 57 0 39 7 24 6 1 90 52 7 50 4 38 1 55 3 33 3
3 Manure+lime___ _________ __ 91 .2 59 0 41 8 27 2 1 86 46 9 51 8 37 .0 54 5 45 4 2.87
4 M an ure + lime+ rock
phosphate................................ 88 .2 61 2 38 1 32 4 2 26 44 4 51 7 37 3 57 3 39 3 3.03
5 M an ure+ lime+ su per-
phosphate....... ..................... . 91 .2 1.89 62 1 40 2 31 0 2 .24 54 8 43 3 57 7 45 4 3.28
6 Manure+lime+complete
commercial fertilizer.... ......... 88 2 2.00 64 0 44 5 31 9 2 .42 45 0 58 6 43 6 58 0 46 9 3.24
7 Check................................ ,.......... 85 1 1.59 57 1 36 3 23 6 1.93 42 9 51 6 34 3 55 2 34 8 1.86
8 Crop residues............................. . 89 7 1.98 58 5 32 9 31 2 1.98 40 7 59 2 35 4 55 1 39 3 2.29
9 Crop residues+lime................ „ 97 3 2.07 59 2 40 1 29 8 2 03 41 8 52 2 32 7 52 9 42 4 2.51
10 Crop residues+lime-frock
* phosphate______ ___________ 91 2 2.19 60 0 35 6 34 4 2 39 46 0 51 1 38 7 56 3 37 9 3.14
11 Crop residues+lime+super-
phosphate................................ 92 7 2.22 60 4 33 6 36 8 2 11 40 7 60 4 47 4 54 4 40 9 3.05
12 Crop residues+lime +
complete commercial
fertilizer................... ............ .... 95 8 2.37 61 9 35 5 37 3 2 39 39 3 55 2 40 3 53 6 42 4 3.28
13 Check................................. .......... 85 1 1.91 60 9 34 9 28 4 2 03 39 5 49 8 29 9 50 8 31 8 1.85
(1) Two and one-half tons lime in March.
(2) Plots 1, 2, 3 and 4 disked and seeded to oats. Clover winterkilled.
(3) Poor stand of corn.
(4) Two tons lime in April.
(5) Plot 5 injured by squirrels. ..... „
(6) Dry season caused low yields.
(7) Total of two cuttings.
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considerable increases in yields, the effects being particularly noted on the clover 
in 1923 and on the alfalfa in 1929. The superphosphate generally brought about 
slightly larger effects than the rock phosphate, but in many cases the differences 
were not very significant. The complete commercial fertilizer had slightly larger 
effects than the superphosphate in some seasons, but in general the differences 
between the effects of the two materials were too small to permit any definite con­
clusions to be drawn.
The crop residues exerted a slight effect on the crop yields in several instances. 
The application of lime with the crop residues brought about increases in yields in 
most cases. The effects were not large except in one or two seasons, however, 
and in 1925, 1926 and 1927 no value from the application of lime was evidenced 
on the corn and oats.
The rock phosphate, superphosphate and the complete commercial fertilizer 
increased the crop yields in practically all cases. The superphosphate seemed to be 
slightly superior to the rock phosphate in some seasons, while in other cases the 
rock phosphate gave slightly greater effects. A  larger influence of the latter 
material was shown on the clover in 1923, on the corn in 1924 and on the alfalfa 
in 1929. The superphosphate, however, gave much larger effects on the corn in 
1925 and on the oats in 1926. It showed small gains in other seasons. The com­
plete commercial fertilizer had about the same effect as the superphosphate in 
most seasons, showing less influence, however, than the latter material in 1925 and 
1926, and having slightly larger effects in some other seasons.
THE THOMPSON FIELD
The results secured in the experiment on the Thompson Field on the Clarion 
loam in Winnebago County, are given in Table X II. The application of manure 
increased the crop yields in every season except 1928 when there was no effect 
evidenced on the timothy and clover. A  very large influence was evidenced from 
the manure on the corn in 1926 and in 1929. Lime with the manure increased the 
crop yields in most seasons. It showed no effect on the corn in 1926 or the barley
TA B L E  X II. FIELD  E X P E R IM E N T , CLARIO N  LO AM , W IN N E B A G O  
CO U N TY, TH O M P SO N  FIELD, SERIES I
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1 C h e c k ................................................ .............................................. 4 6  6 3 9 .2 4 7 .0 0 .8 1 5 6 .2
2 M a n u r e .. ........................ ............................................................................ 4 7 .6 5 2 .0 4 8 .6 0 .7 6 7 4 .7
3 M a n u r e  - ( -l im e s to n e ...................... ...........: ................... .................. 4 9 .3 5 0 .8 3 8 .1 0 .9 3 7 7 .5
4 M  a n u re  -j- l im e s to n e + r o c k  p h o s p h a te ........................................ 6 1 .0 5 3 .6 5 2 .8 1 .1 0 7 9 .5
5 C h e c k ................................................ ...............*............................... 43  0 4 9 .6 5 8 .9 0 .9 3 6 2 .4
6 M a n u r e  -( -lim e s to n e -(-s u p e rp h o s p h a te .......... ................... 5 7 .8 5 6 .4 7 2 .6 1 .1 0 7 7 .4
7 M a n u r e  -( -lim e s to n e  -¡-s u p e rp h o s p h a te  - ( -p o ta s s iu m  . 5 6 .3 5 6 .0 6 5 .7 1 .1 3 7 6 .8
8 M a n u r e - ( - l im e s t o n e - ( -c o m p lé té  c o m m e r c ia l  fe r t i liz e r  ... 6 4 .0 5 0 .8 6 7 .2 0 .9 9 7 7 .7
0 C h e c k ............................................. ........................................... 4 6  0 4 5 .2 5 1 .0 0 .7 6 5 5 .7
(1) Half barley and half oats; weight per bu., 40 pounds.
(2) Small amount of barley; weight per bu., 32 pounds.
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and oats in 1927 but brought about a large increase on the timothy and clover in 
1928.
The rock phosphate with the manure and lime showed large increases in crop 
yields in most seasons. Particularly large gains were evidenced on the barley and 
oats in 1925 and 1927 and on the timothy and clover in 1928. The superphosphate 
with the manure and lime gave a very much larger increase in the yield of barley 
and oats in 1927, had a somewhat larger effect on the corn in 1926, had the same 
influence as the rock phosphate on the timothy and clover in 1928 and slightly 
smaller effects in 1925 and 1929 than those brought about by the rock phosphate.
The muriate of potash applied with the manure, lime and superphosphate 
showed no beneficial effects on the crops grown in any season. The yields were 
very much the same without the muriate of potash as when it was applied. The 
complete commercial fertilizer with the manure and lime showed about the same 
effect as the superphosphate in practically all cases. The differences between the 
yields on the two plots were too small to be significant.
TH E CLARION FIELD
The results secured on the Clarion loam on the Clarion Field in Wright County 
are given in table XIII. The application of manure increased the crop yields in 
all seasons, showing very large effects on the sweet clover in 1926 and the corn 
in 1927. Lime applied with the manure proved beneficial in most cases, showing 
the largest influence, as would be expected, on the sweet clover in 1926. Small 
gains were also secured on the other crops.
The rock phosphate with the manure and lime increased the crop yields in all 
but one season, showing the largest effects on the oats in 1925 and on the sweet 
clover in 1926. The superphosphate with the manure and lime showed slightly 
larger effects than the rock phosphate in two cases but had smaller effects in the
TA B L E  X III . FIELD  E X P E R IM E N T , CLARION LO AM , W R IG H T  CO U N TY,
CLARIO N  FIELD , SERIES I
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Check.................................................... . 22.9
27.0
26.0
28.5
26.3
23.4
34.4
31.8
25.6
Manure..............................................................
Manure+limestone........................................
Manure+limestone+rock phosphate........
Check....................................................
Manure-{-limestone+ superphosphate........
Manure -¡-limestone -¡-superphosphate+  
potassium.....................................
Manure-{-limestone-(-complete com­
mercial fertilizer.................... .................
Check............................... ......!.......... ...............
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46.1 0.61 52.4 60.7
53.5 0.79 67.3 66.9
55.4 1.24 67.1 69.5
61.3 1.34 66.2 70.6
43.6 0.81 52.8 59.1
62.3 1.31 60.9 73.7
74.8 i .j j} 63.8 71.1
63.5 1.26 66.0 72.3
43.7 0.75 52.7 57.5
c<
O £U &
3dO\-0
.(1) Field pastured; no results. ,
(2) Poor season for corn and early frost caught it. Field hogged down; no results.
(3) No attempt to figure bushels per acre due to the mixture of oats and barley.
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other seasons. The differences between the effects of the two phosphates were 
generally too small to be of significance.
The muriate of potash applied with manure and lime increased the crop yields 
in all but one season. In most cases, however, the increases over the effect of 
the manure, lime and superphosphate without the muriate of potash were small. The 
gain on the oats in 1925 was the most definite. The complete commercial fertilizer 
with the manure and lime showed no larger effect than the superphosphate except 
on the oats in 1922 and 1925 and on the corn in 1927. In general the differences 
between the two materials were very slight.
THE RUTHVEN FIELD
The results secured in the experiment on the Clarion loam oh the Ruthven Field 
in Palo Alto County are given in table X IV . The application of manure increased 
the crop yields in all but one season, showing the largest effect on the oats in 
1926 and on the barley in 1928. Lime with the manure increased the crop yields 
in all seasons, showing very large effects on the sweet clover in 1924 and also 
bringing about pronounced gains on the corn in 1925 and in 1929. There was a 
definite increase also on the oats in 1923 and 1926.
The rock phosphate with the manure and lime increased the crop yields in most 
seasons. The yields of oats in 1923 and 1926 were evidently abnormal on this 
plot. The largest effects of the rock phosphate appeared on the corn in 1925, 1927 
and 1929. The superphosphate with manure and lime showed a somewhat larger 
effect than the rock phosphate in some seasons. It was much superior on the 
sweet clover in 1924, bringing about a very large gain in the yield of that crop. 
It had a very large effect also on the oats in 1926, but in several seasons the rock 
phosphate gave quite as large an influence as the superphosphate.
The muriate of potash with the manure, lime and superphosphate brought about 
a very definite increase over the superphosphate alone in the case of the oats in
T A B L E  X IV . FIELD  E X P E R IM E N T , C LAR IO N  LO AM , PALO A L T O  
C O U N TY, R U T H V E N  FIELD , SERIES I
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1 Check____ _______________________________ 47.3 48.7 1.22 42.7 34.0 46.8 34.8 50.3
2 Manure_______ __________________________ 53.1 53.3 1.28 39.0 46.8 52.0 40.1 51.0
3 Manure+ limestone________ _____________ 55.6 61.2 2.43 50.1 53.4 53.9 43.1 55.5
4 Manure q-limestone+rock phosphate........ 57.5 40.8 2.37 58.5 40.6 57.3 47.7 58.1
5 Check.................. ......................... - ___ ______ 47.6 22.3 1.44 41.5 41.1 43.1 34.8 48.4
6 Manure+limestone+superphosphate_....... 57.3 48.7 2.97 58.0 77.9 52.9 46.1 49.6
7 Manure+ limesto ne-{-superphosphate -f- 
potassium......................................... *..... . 55.0 60.1 4.06 64.0 74.9 57.3 43.1 44.4
8 Manure+limestone+complete com­
mercial fertilizer...................................... [51.1
1
56.7 3.88 61.1 68.1 62.4 47.7 43.8
9 Check.......... ........... ........................................... 38.0 32.8 1.42 43.7 41.1 38.3 31.8 33.8
(1) Plots 4, 5, 6, 7, 8 and 9 were planted a week early and freezes did considerable damage.
(2) Plots 1, 2, 3, 4 and 5 were spring plowed which killed 1928 sweet clover. Plots 6, 7, 8 and 9 were 
fall plowed in 1928; volunteer sweet clover damaged corn due to dry season.
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1923 and the sweet clover in 1924. The latter crop was increased enormously. Corn 
in 1925 and in 1927 was also increased by the addition of muriate of potash. In 
some of the other seasons, no beneficial effects from the potash appeared.
The complete commercial fertilizer with the manure and lime showed somewhat 
larger effects than the superphosphate in some seasons. The largest difference 
appeared on the sweet clover in 1924. Gains were also noted on the oats in 1923 
and on the corn in 1925 and 1927. In the other seasons the differences between 
the two materials were very slight.
THE WEBB FIELD
The results secured on the Clarion loam on the Webb Field, Series I, in Clay 
County are given in table XV. The application of manure increased the crop
TA B L E  X V . FIELD  E XP E R IM E N T, CLARION LOAM , CLAY CO U N TY,
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1 Check................... ............ 56 2 7 1 .1 t  10 28 0 3 8 . 4 6 5 . 9 1 .6 1
2 Manure______  ________ _______ ... 60 4 7 7 . 6 1 .2 6 33 6 4 5 . 1 6 8 .1 1 .6 6
3 Manure+limestone______ ____ ____ ____ 60 8 7 8 . 7 1 .3 8 35 8 4 4 . 4 6 8 .1 1 .7 3
4 Manure+limestone+rock phosphate .... 61 0 8 2 . 3 1 .5 1 34 4 4 9 . 3 6 5 . 9 2 . 3 0
5 Check....... ............ ............... . 55 ,4 7 0 .3 1 .1 7 29 6 4 1 . 5 6 1 . 2 1 .6 3
6 Manure-(-limestone-¡-superphosphate ..... 62 6 8 4 . 7 1 .5 4 36 6 5 3 . 7 7 0 . 4 2 . 4 5
7 Manure+limestone -¡-superphosphate 
-(-potassium....................................... .. 60 6 7 9 .5 1 .6 8 37 8 5 8 . 1 8 1 . 7 2 . 5 4
8 Manure+ limestone+complete
commercial fertilizer........................... 61 2 8 7 . 4 1 .7 2 36 0 5 8 . 7 7 9 . 5 2 . 5 9
9 Check......................... 53 6 6 9 . 6 1 .1 8 29 6 4 5 . 6 6 3 . 5 1 .6 3
yields on this field in all seasons, showing the largest benefits on the clover in 1925 
and on the corn in 1926 and 1927. Lime with the manure increased the crop 
yields in practically all seasons. No large beneficial effects from the use of lime 
were evidenced, however.
The rock phosphate with the manure and lime showed definite increases on the 
crops in some seasons, particularly on the clover in 1925 and the clover and timothy 
in 1929. No beneficial effects were evidenced on the corn in 1926 or the oats in 
1928. The superphosphate with the manure and lime showed somewhat larger 
effects than the rock phosphate in all seasons. The differences, however, were 
generally hardly large enough to be significant. The corn in 1927 and the oats in 
1928 were increased more by the superphosphate than by the rock phosphate.
The muriate of potash with the manure and lime and superphosphate showed no 
beneficial effects o f large significance. The clover in 1925 and the clover and 
timothy in 1929 were increased slightly. The oats in 1928 showed a considerable 
increase from the use of muriate of potash. The corn in 1927 was increased 
slightly.
The complete commercial fertilizer with the manure and lime showed somewhat
¡1
30 SO IL SU R V E Y OF IO W A
T A B L E  X V I. FIELD  E X P E R IM E N T , C LAR IO N  LO AM , D ICK IN SO N  
CO U N TY, SU PERIO R FIELD, SERIES I
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1 Check................................ ............................... . 27.4 52.2 0.42 32.1 35.6 27.2 0.85 34.12 Manure.............................................................. 37.0 63.5 0.69 39.4 41.8 32.2 0.93 34.5
3 Manure -(-limestone........................................ 36.8 63.5 0.88 41.4 44.0 44.6 1.24 35.2
4 Manure-¡-limestone-)-rock phosphate........ 43.2 70.4 1.80 56.6 51.8 40.8 1.36 34.7
5 Check................................................................. 31.5 49.8 0.67 37.3 41.6 40.5 1.00 32.36 Manure-(-limestone -(-superphosphate........ 43.3 64.7 1.58 49.2 53.0 48.2 1.42 34.9
7 Manure-j- limestone -¡-superphosphate +  
potassium.................................................. 42.4 71.4 1.55 45.8 53.8 49.6 1.24 33.1
8 Manure-(-limestone-(-complete com­
mercial fertilizer...................................... 44.1 74.8 1.67 43.5 48.6 37.6 1.46 32.8
9 Check................................................................. 30.0 54.3 0.76 31.2 36.2 29.3 0.76 32.8
(1) Clover winterkilled in spots.
(2) Very dry season; corn mostly nubbins but fairly well matured.
larger effects than the superphosphate in most seasons. The clover in 1925 and 
the clover and timothy in 1929 were increased more by the complete commercial 
fertilizer. The differences in the other seasons were not very large, however, 
but rather definite increases in favor of the complete commercial fertilizer appeared 
in some instances.
THE SUPERIOR FIELD
The results secured on the Clarion loam on the Superior Field in Dickinson 
County are given in table X V I. The application of manure increased the crop 
yields in all seasons on this field. The largest effects from the manure appeared 
on the corn in 1922 and 1926, on the oats in 1923 and on the clover in 1924. Lime 
with the manure increased the crop yields in most seasons, showing the largest 
effects on the clover in 1924 and on the sweet clover in 1928. Definite increases 
were also secured in other seasons, for example on the barley in 1927.
The rock phosphate with the manure and lime brought about very large increases 
in the yield of clover in 1924 and in the sweet clover in 1928. It showed definite 
increases also on the corn in 1925 and 1926 and on the oats in 1923. The super­
phosphate with the manure and lime showed slightly larger effects than the rock 
phosphate on the crops in 1926, 1927, 1928 and 1929 but had smaller effects than 
the rock phosphate in the earlier years. The differences in some cases were not 
very large.
The muriate of potash applied with the manure, lime and superphosphate, 
showed practically no influence except on the oats in 1923. In the other seasons 
the differences from the yields *on the manure, lime and superphosphate plots were 
too small to be significant. The complete commercial fertilizer with the manure 
and lime showed somewhat larger effects than the superphosphate in one or two 
cases but in other seasons had a smaller influence. The differences in most cases 
were not large enough to be of significance.
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TH E STORM LAKE FIELD
The results secured on the Webster silty clay loam on the Storm Lake Field in 
Buena Vista County are given in table X V II. The manure brought about bene­
ficial effects on the various crops grown, showing up particularly well on the clover 
and on the alfalfa. Considerable gains were noted also in the case of some of the 
corn crops and with the barley in 1925. The soil was not acid in reaction and 
hence no lime was applied.
The use of rock phosphate and superphosphate with the manure brought about 
increases in crop yields in all cases, the effect being particularly large with the 
superphosphate on the corn in 1920 and 1926 and on the clover in 1922. The rock 
phosphate generally showed slightly less effect than the superphosphate. The 
reverse was true, however, on the barley in 1925, the oats in 1918 and 1927, and the 
alfalfa in 1928 and 1929.
The muriate of potash with the manure and superphosphate showed no beneficial 
effect on the crops in any season over that secured with the superphosphate and the 
manure. The complete commercial fertilizer gave slightly larger increases than the 
superphosphate in several seasons. In other cases the beneficial effects were not 
so large. In no case was there any considerable difference between the effects of 
these two materials.
The crop residues had little effect on the yields on this soil. The rock phos­
phate and the superphosphate applied with the residues brought about increases
TA B L E  X V II. FIELD  E XP E R IM E N T, W E B ST E R  SIL T Y  CLAY LOAM , 
BU EN A V IST A  C O U N TY, STORM  L A K E  FIELD
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1 Check............................................ 73.0 54.7 48.2 45.1 0.75 51.0 22.7 40.9 50.4 54.5 3.11 3.51
2 Manure........1....................... -....... 73.0 54.1 57.3 42.2 1 .0 1 60.7 27.5 47.8 50.1 50.5 3.45 4.99
3 Manure+superphosphate-f- 
potassium................................ 73.0 57.6 58.1 36.3 1.29 65.1 29.2 56.9 53.6 53.0 4.13 5.31
4 Manure+ rock phosphate........ 80.6 61.1 64.2 43.8 1.26 66.4 31.0 61.8 48.5 53.2 4.62 5.44
5 Manure-¡-superphosphate ..... 74,5 66.4 76.5 51.8 1.42 68.5 31.8 57.6 58.4 51.7 4.12 5.37
6 Manure-j-complete com­
mercial fertilizer..................... 82.0 61.1 80.0 43.8 1.43 6 6 . 8 33.9 60.7 52.8 52.5 4.56 5; 78
7 Check............................................ 70.0 71.5 6 6 . 6 40.9 1 .1 0 55.8 34.0 44.5 48.5 54.5 3.88 4.08
8 Crop residues..—......................... 85.1 75.7 67.7 49.1 1.08 63.3 37.3 44.5 51.2 47.4 4.35 4.44
9 Crop residues-[-super­
phosphate -+- potassium.......... 76.0 70.1 67.2 41.1 1.25 70.7 35.7 64.4 52.8 51.2 5.08 5.54
10 Crop residues+rock
phosphate................................. 79.0 70.4 76.2 41.6 1 .2 0 63.2 27.4 52.8 50.1 54.5 4.60 4.93
11 Crop residues-[-super­
phosphate................................. 73.0 64.0 76.2 45.5 1.23 63.1 31.1 58.2 49.6 47.0 4.81 5.56
12 Crop residues -[-complete 
commercial fertilizer.............. 85.1 67.5 76.2 43.8 1.13 61.3 27.2 5 8 .f 43.5 61.9 4.45 5.07
13 Check............................................ 79.0 67.5 67.7 39.7 0 . 8 6 51.9 23.1 41.6 34 ..9 49.5 2.52 3.13
(1) Soil basic; no manure added; oats badly lodged. . . .  , . 10„.
(2) Superphosphate and potassium chloride (SO pounds per acre) applied to 3 and 9 m 1922. 
Crop only.
(3) Hogs in corn damaged yield. , .
(4) Early frost left corn very chaffy and light and practically none, was marketable.
(5) Total of  three cuttings.
First
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in yields which were quite definite in some cases, particularly on the corn in 1920 
the barley in 1925 and the alfalfa in 1928 and 1929. In several cases, however,’ 
the phosphates did not seem to show any particularly large effect when applied 
without manure. The complete commercial fertilizer brought about larger effects 
than the superphosphate in several instances, but in other cases had less value. 
The muriate of potash applied with the superphosphate and the manure increased
the crop yields in practically all seasons, showing the greatest effects on the alfalfa 
in 1928.
THE NEW ELL FIELD
The results secured on the Webster silty clay loam on the Newell Field in Buena 
Vista County are given in table X V III. Applications of manure brought about 
large increases in all but one season, in 1926, when the yields were abnormal due 
to hot dry weather. The effects of the manure were evidenced on the corn and 
oats but particularly on the clover. Lime with the manure gave slight increases in 
crop yields in several cases. The effects were not large, however, and since this 
soil is only slightly acid and the acidity is confined in the surface soil, no large in­
fluence from the use of lime was expected.
TA B L E  X V III . FIELD  E X P E R IM E N T , W E B ST E R  SIL T Y  CLA Y LOAM  
____________ B U EN A  V IS T A  C O U N TY, N E W E L L  FIELD , SERIES I ’
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69 0 44.8 56.7 0.53 68.7 59.2 1.70 51.2 45.7 4 7170 9 49.1 64.1 0.60 70.5 65.6 1.97 31.4 50.5 4 8171.4 54.4 63.5 0.70 69.9 68.3 59.8 1.95 23.5 50.2 4.84
74.1 61.4 69.7 0.70 74.1 69.3 63.5 2.04 46.4 31.4 4.36
66.9 65.1 76.3 1.13 80.0 63.4 65.5 2.36 36.3 37.4 5.57
66.4 70.9 68.9 1 .2 0 74.4 67.7 72.2 2 . 2 2 28.3 50.6 5.0960.9 62.4 59.4 0.58 66.9 55.0 62.3 1.35 45.9 31.1 2.2462.9 56.1 59.4 0.50 63.6 56.4 66.5 1 .1 0 52.3 33.2 2 0564.6 59.2 61.4 0.43 64.2 59.5 71.8 1 .2 1 57.6 41.7 2.34
63.4 60.8 56.7 0.53 67.3 65.9 66.9 1 .8 8 50.1 40.5 3.16
62.4 68.5 72.0 0.90 67.3 64.1 69.3 2.08 58.6 52.1 4.19
61.3 65.3 71.3 0.93 67.0 65.8 2.29 47.5 48 5 4.7159.4 65.3 60.1 0.58 6 6 .2 60.9 1.78 54.9 45 5 2.44
W  N° limestone applied to plots until the fall of 1920.
2’ } 2 a,nd, 13 cut before field man arrived at field.
Mixture of red clover and biennial white sweet clover.
varying yie?ds.Ut ^  t0 h0t’ dry season; averaSe moisture content 37.5 percent which accounts for
S av i y"nryiefltn," S d“ “ *'4  C°r"
(6) Mixture of oats and barley grown; no attempt to figure yield in bushels per acre
p**! ’whiruimed?* fanvo?‘;& L w a.sdof hi*  alkaU “  ,hese
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The rock phosphate and the superphosphate brought about increases in crop 
yields in practically all seasons. There were one or two exceptions, but in these 
cases the differences were slight. The effects of the two materials showed up par­
ticularly well on the clover in 1925.. The superphosphate had large effects on the 
clover in 1921 and on the alfalfa in 1929. The influence on the corn in 1922 
and on the oats in 1920 was, quite definite. In most cases the superphosphate 
seemed to be somewhat preferable to the rock phosphate, however, there were one 
or two exceptions. In 1918, in 1923 and in 1926, the rock phosphate gave better 
yields than the superphosphate. The yields on the plots in 1926 and in 1927 were 
quite evidently abnormal owing to poor seasonal conditions. The complete com­
mercial fertilizer showed slightly larger effects than the superphôsphate in one or 
two cases, but in general the superphosphate gave quite as large or even larger 
increases in crop yields..
The crop residues had small effects on the yields on this soil, as would be ex­
pected. Lime with the crop residues gave slight increases in crop yields in several 
cases. The differences were not large, however, except on the clover in 1925 and 
the alfalfa in 1929. The rock phosphate, superphosphate and complete commercial 
fertilizer showed beneficial effects in some cases on the various crops grown, but 
in other instances no effects were evidenced. The clover in 1925 showed a par­
ticularly large benefit from the use of the phosphate materials. Similarly in 1921 
the clover was increased to a large extent by both the superphosphate and the 
complete commercial fertilizer, and in 1929 the alfalfa showed very large bene­
fits from both the phosphates and the complete commercial fertilizer. The super­
phosphate and complete fertilizer showed very much greater effects than the rock 
phosphate. The superphosphate and the complete commercial fertilizer both in­
creased the oat yield to a large extent in 1920 and had a beneficial effect on the 
corn in 1919 and 1927. In some of the other seasons as in 1922 and 1923, the 
three materials gave practically identical effects, all showing increases over the 
crop residues and lime alone.
Peat Soils
Peat is partially rotted vegetable matter which consists either of swamp grasses, 
sedges, rushes and flags or of a sphagnum moss, the former variety being known 
as grass peat and the latter- as moss peat. Peat forms in swamps, marshes, or 
flat, undrained areas where water stands and water-loving grasses and mosses 
grow in profusion. The remains of such plants accumulate under water, and the 
absence of air permits only very incomplete decomposition. It is mainly in the 
level Wisconsin drift soil area that peat occurs in Iowa. Kossuth County is 
located in this soil area and has several tracts of peat and muck, aggregating 
10,432 acres or 1.7 percent of the county.
The peat in Kossuth County is generally from 6 to 20 inches in thickness, and 
only in two or three localities does it extend to a depth of more than 3 feet. 
Practically all the peat soils in this county may be reclaimed and made productive 
by proper methods of treatment and cropping.
FIELD EXPERIMENTS ON PEAT SOILS „  ,  ^ , ,
Field experiments were carried out several years ago on some typical shallow
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peats. In no case was there any profitable increase in crop yields from the use of 
any of these materials.
Recent tests,* however, have shown profitable increases from the use of muriate 
of potash or superphosphate on shallow peats. Sometimes the phosphate is the 
most effective. At other times the potash gives the best results. Tests of these 
two fertilizers on the peat soils in Kossuth County are recommended. Applica­
tions of manure are not advisable.
DRAINAGE AND CULTIVATION FOR PEAT SOILS
What the peats in Kossuth County need mainly to make them productive is 
physical improvement thru drainage, cultivation and the growing of proper crops.
Drainage is the most important step. Sufficient tile of ample size and special 
drains to carry away flood waters and prevent the flooding of the low-lying peat 
areas at times of heavy rainfall are essential. The tile in the drainage system 
should be laid in the underlying subsoil rather than in the peat itself, as in the 
latter case the compacting of the peat would bring the tile too close to the surface 
and cause re-laying to be necessary. The tile should not be laid too deeply in the 
subsoil, as the heavy clay is quite impervious. It is often advisable to cover the 
tile at points a few rods apart with straw, gravel, cinders or some other material 
which will allow the ready passage of water into the drains.
Fall plowing is desirable in order to expose the peat soil to the action of the 
frost, rain and snow during the winter and hasten decay. Fall-plowed peats may 
be worked earlier in the spring; hence the seed bed may be more thoroly prepared. 
Deep plowing is also valuable, especially when the peat is very shallow and some of 
the underlying, heavy clay, rich in phosphorus and potassium may be mixed with 
the peat.
Peat soils which are not over 16 inches in depth should not be rolled, as 
such an operation may compact them too much and check decomposition. Where 
the peat is deeper than this, careful rolling may be valuable in providing a firmer 
seed bed, but the practice cannot be generally recommended.
The frequent cultivation of peat soils is very important in opening them up and 
hastening decay of the organic matter.
Corn and small grain crops, as a rule, do not do well on newly reclaimed peat 
soils. The corn may not mature and the small grains may develop an abundance 
of straw and little grain. It is not advisable, therefore, to seed these crops on 
peat soils until several years after their reclamation when the organic matter has 
reached an advanced state of decomposition.
A  mixture of timothy and alsike clover is probably the best crop to seed on 
newly reclaimed peat land. It may be cut for hay, but it is better used as pasture, 
as the trampling by the stock compacts the peat and thus aids in its decomposition.
Many vegetables have been grown satisfactorily on peat soils. Onions, celery, 
tomatoes and potatoes all gave excellent results on the experiment plots near On­
tario. Cabbages, beets, turnips and other crops might also prove of value. The 
use of such crops on newly reclaimed peat soils should be encouraged.
After a few years of pasturing or growing truck crops, peat soils are usually
“Bulletin 26§. Io\ya Agricultural Experiment Station,
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in a condition which will permit the successful growth of corn and small grain. 
Frequently the application of superphosphate or muriate of potash or both may be 
advisable, especially where truck crops are grown. Tests of these fertilizers are 
very desirable.
“ Alkali” Soils
There are several areas of “ alkali” soils in Kossuth County, and while their 
extent on individual farms is small, they seriously reduce crop yields and present a 
difficult problem in management.
Such “ alkali”  spots are characterized by a whitish deposit of salts on the surface 
of the soil, giving the ground the appearance of having been lightly strewn with a 
fine white powder. Corn produces only a stunted growth on such spots while 
other crops are less affected.
These spots occur in connection with swales, ponds, or sloughs which recently 
have been drained. They are not found in the lower parts of the slough but always 
in a belt around the low spot which frequently consists of peat, and they do not 
appear until after the area has been drained.
TREATM ENT FOR ALKALI SOILS
The first treatment necessary for the reclamation of “ alkali” soils in Iowa is 
proper drainage. In draining a slough or pond, lines of tile should be laid around 
the low area in such a way that the two lines run thru the spots where the “alkali” 
is most likely to appear which will cause the washing out of any excess of salts to 
be more rapid. The lines of tile may be brought together again below the slough, 
and if the area is wide a third line of tile thru the center of the slough may be 
advisable.
If tile is properly laid when a pond or slough is drained, the occurrence of 
“ alkali” spots may frequently be prevented. When an “ alkali” spot is fully 
developed as is frequently the case in Kossuth County, the removal of excess salts 
by proper drainage of the area is hastened considerably by the application of heavy 
dressings of farm manure. Straw or any kind of vegetable matter such as a green 
crop of sweet clover plowed under will also aid in the rapid removal of salts. It 
may be advisable in some cases to sow oats on such ground, and when the greatest 
growth has been attained, plow under the entire crop. The application of muriate 
of potash has been found to be of value on alkali spots and tests of the value of 
this fertilizer applied at the rate of 200 pounds per acre are recommended.*
TH E NEEDS OF KOSSUTH COUNTY SOILS AS INDICATED BY 
LABORATORY, GREENHOUSE AND FIELD TESTS
The laboratory, greenhouse and field experiments which have been discussed 
earlier in this report give some indications of the fertilizer treatments which are 
desirable for use on the soils of this county. It is possible, therefore, to make a 
few more or less general recommendations for the handling of the more important 
soil types. In the following pages certain suggestions which are based upon the 
results of experiments and also upon the experiences of many farmers will be 
offered. Any of the treatments which are recommended may be put into operation 
on any farm.
»Bulletin 266. Iowa Agricultural Experiment Station.
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Manuring
Most of the soils in Kossuth County are fairly well supplied with organic matter 
as is indicated by their dark color. Some of the types, indeed, are rich in organic 
matter and black in color. In a few cases the soils are not well supplied, and the 
lack of organic matter is indicated by the lighter color of the surface soil. The 
Webster types on the drift uplands are very rich in organic matter and very dark 
in color. The Clarion and Dickinson soils are not so well supplied and are some­
what lighter in color. On the terraces the Fargo types are black in color while 
the Sioux, Buckner and Hancock soils are somewhat lighter. All of the bottom­
land soils are rich in organic matter and dark in color. It has been found, how­
ever, that even those soils which are best supplied will be benefited to a very con­
siderable extent by applications of fertilizing material supplying organic matter. 
On all these' soils organic matter must be supplied regularly if the supply is to be 
kept up. On the lighter colored types applications are particularly desirable.
Farm manure is the chief material which may be employed for the maintenance 
of the organic matter supply in soils. By the proper preservation and application 
of all the farm manure-produced, the supply of organic matter in the land may be 
quite readily maintained. Under the livestock system of farming, farm manure 
Is a very'valuable material as an'aid in the maintenance of the fertility of the soil. 
Large increases'in the yields of' general farm crops: follow its application on prac­
tically all the soils of this county. Expêriments which have been described earlier 
have shown the influence of farm manure on the Clarion loam, the Webster loam 
and the Webster silty clay loam. Many of the other types in the county would 
show quite as large or even greater effects from the addition of manure'. Un­
doubtedly beneficial’ effect’s would appear'on the Dickinson fine sandy loam and 
on the Sioux, Buckner and Hancock types on the terraces. The liberal applica­
tion of farm manure to the soils of this county is strongly recommended in order 
that the best crdp yields may b’e secured and that the land may be kept permanently 
productive. ■
The thoro utilization of all crop residues will aid materially in maintaining the 
supply of organic matter in the soils. On the livestock farms the residues may be 
used as feed or bedding and returned to the land with the manure. On the grain 
farms the residues may be stored, they may be allowed to decompose partially 
before being applied, or they may be applied directly to the land.
On many livestock farms the supply o f  manure produced is insufficient to permit 
regular applications to all of the land. On the grain farms little or no manure 
is produced. In both cases some other source of organic matter must be resorted 
to if the supply is to be kept up. 'O n practically all livestock farms, therefore, 
and on all grain farms, the use of inoculated legumes as green manures is very 
desirable to provide for the maintenance of ail adequate supply of organic matter 
in the soil. When inoculated legumes are utilized as green manures, they not only 
supply organic matter, but they also add nitrogen which they have taken from the 
atmosphere. ' Green manuring would undoubtedly prove of value on some of the 
soils in Kossuth County at the present time. On the Clarion loam and on the Dick­
inson fine sandy loam on the uplands and on the Sioux, Buckner and Hancock
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types on the terraces, the influence of green manuring would undoubtedly be 
very great. The practice of green manuring should not be followed carelessly, 
however, as undesirable effects may result in the soil if green manuring materials 
are not properly decomposed.
Liming
Most of the soils in Kossuth County are acid in reaction in the surface soil and 
are, therefore, in need of lime if the best yields of legumes are to be secured. The 
Webster soils are frequently well supplied with lime at the surface, but sometimes 
even those types on the uplands are acid. On the terraces the Sioux and Hancock 
soils are generally well supplied with lime in the lower layers, but the surface 
soils of these types are acid. The Fargo silty clay loam on the terraces is usually 
rich in lime even at the surface. On the bottomlands the Wabash soils are acid 
in reaction, while the Lamoure types are well supplied with lime usually up into 
the surface soil. The Webster, Fargo and Lamoure soils are, therefore, types 
which may not need lime. The Clarion, Sioux, and Hancock soils are supplied 
with lime in the lower layers but are acid at the surface.
The figures given in table IV indicate roughly the lime requirements of the 
various soil types. When lime is to be applied to land, however, tests should be 
made of the particular area in question. There are wide variations in acidity 
and need for lime and often soils of the same type from different fields show 
different needs for lime. Only by testing samples from particular areas is it pos­
sible to supply the exact amount of lime needed by the soil. Farmers may test 
their soils for acidity or lime requirement, but it usually will be more satisfactory 
for them to send a small sample to the Soils Section of the Iowa Agricultural Ex­
periment Station where it will be tested free of charge. All of the soils in the 
county except the Fargo and Lamoure types should be tested for acidity or lime 
needs. The Webster soils frequently do not show a need for lime at the surface, 
but in some instances they do; hence it is important that these types be tested 
along with the others.
Generally the most satisfactory yields of farm crops will not be secured on soils 
which are acid in reaction. Legumes such as sweet clover, alfalfa and red clover 
are particularly sensitive to acidity and may fail to make satisfactory growth on 
acid soils. On soils which are acid at the surface but well supplied with lime in 
the lower soil layers, legumes may grow satisfactorily after they have been es­
tablished without the use of lime, but in order to secure good stands of legumes 
on such land and in order to insure a satisfactory early growth, the application 
of lime to neutralize the acidity of the surface soil is necessary. The beneficial 
effects of liming are particularly great on legume crops, but increases are also 
secured from the use of lime on acid soils when corn and small grain crops are 
grown. The application of lime to the soils of this county which show an acidity 
in the surface soil is very necessary in order that the best yields of general farm 
crops, particularly of legumes, may be secured.
In the experiments reported earlier large increases in crop yields were secured 
from the .application of lime to some of the soil types more extensively developed
38 SO IL SU R V E Y OF IO W A
in the county. Beneficial effects were shown on the Clarion loam, the Webster 
loam and the Webster silty clay loam when the latter types were acid in reaction. 
The other soil types in the county would undoubtedly be benefited to as large an 
extent and probably even to a greater extent by the application of lime. Numerous 
tests and the practical experiences of many farmers have shown the importance of 
applying lime to acid soils.
It is important that lime be applied to soils regularly if they are to be kept 
satisfactorily productive. Applications of lime should be made preferably preced- 
ing the growing of legume crops. In this way it is applied where it is most 
needed and where it will bring about the greatest effect.
The Use of Commercial Fertilizers
The analyses given earlier in this report have shown that there is no large 
amount of phosphorus in the soils of Kossuth County. It is apparent, therefore, 
that the supply of this plant food constituent will not be adequate to meet the 
needs of crops over any long period of years. The use of a phosphate fertilizer 
will certainly be needed on these soils in the very near future, and it is quite 
possible that the application of a phosphorus carrier might prove of large value at 
the present time.
The two phosphorus fertilizers which may be used on soils are rock phosphate 
and superphosphate. Rock phosphate is usually applied at the rate of 1,000 to 
2,000 pounds per acre once in four years. Superphosphate is ordinarily applied 
at the rate of 150 pounds per acre annually or three years out of four in the four- 
year rotation*. The phosphorus in rock phosphate is only slowly available while 
superphosphate carries the element in a readily available form. Rock phosphate 
often does not show its greatest effect until the second year after application, while 
the superphosphate ordinarily gives immediate returns. The latter is more ex­
pensive but the smaller application means that the fertilizer addition is actually 
less costly. Rock phosphate must, therefore, bring about larger beneficial effects 
on the crops grown if it is to prove as economically profitable.
It has been shown in the greenhouse and field experiments which have been 
discussed that one or the other of these phosphate fertilizers may be used profitably 
on some of the more extensively developed soils in Kossuth County at the present 
time. Beneficial effects were evidenced on. the Clarion loam, the Webster loam and 
the Webster silty clay loam. Quite as large or even larger effects would undoubt­
edly be secured on some of the other soil types in the county such as the Dickinson 
fine sandy loam, the Sioux fine sandy loam, the Sioux loam, the Buckner fine sandy 
loam and the Hancock loam. In some cases the superphosphate seemed preferable, 
but in other instances the rock phosphate gave quite as large returns. It is im­
possible at the present time ta draw definite conclusions regarding the relative value 
of the two phosphorus fertilizers on the soils of this county. Farmers are urged to 
carry out tests on their own soils and thus determine for their particular conditions 
which fertilizer may be employed with the greatest effect.
Some of the soils of Kossuth County are apparently very well supplied with 
nitrogen, and in no cases are there any striking deficiencies in this element. Nkro-
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gen must be considered, however, when systems of permanent fertility are planned. 
The element is lost from soils constantly thru utilization1 by crops and in the drain­
age water. It is necessary, therefore, that some fertilizing material supplying 
nitrogen be added regularly or the amount of this constituent will soon be in­
sufficient to meet the needs of crops.
Farm manure aids materially in maintaining the supply of nitrogen in the soil. 
The turning under of crop residues is also of value in this connection. Where 
farm manure is not available, the utilization of leguminous crops as green manures 
is the most desirable means of maintaining the supply of nitrogen. When well 
inoculated, legumes take up from the atmosphere most of the nitrogen which they 
contain ; hence when they are turned under in the soil as green manures there is 
a large increase in the supply of total nitrogen. Legumes as green manures have 
a double value in that they not only supply organic matter but also add large 
amounts of nitrogen to the soil. By the proper growing and handling of legume 
crops for green manuring purposes, the nitrogen content of the soil may be kept 
up without the use of expensive commercial nitrogenous fertilizers. The latter 
cannot be recommended for general use in the county at the present time. In 
individual cases for special crops, small amounts of commercial nitrogenous ma­
terials may be desirable, but in all cases these fertilizers should not be employed 
on a large scale until tests have been carried out on small areas and the materials 
have been shown to be of definite value.
In general the soils of the county seem to be fairly well supplied with potassium. 
If the soil is kept in the best condition for the production of available potassium, 
additions of potassium bearing materials will probably not prove of value. There 
are some indications, however, that muriate of potash or some other potassium 
fertilizer may be Used with profit in some cases. For general farm crops applica­
tions of commercial potassium fertilizers should not be made until tests have been 
carried out on small areas and the value of the applications proven. For special 
crops the use of potassium fertilizers may be of value, and on certain soils such 
as the peat and muck areas the addition of potassium is very desirable. The use of 
muriate of potash at the rate of 200 pounds per acre has also been found to be of 
value on so-called alkali spots.
The general use of complete commercial fertilizers cannot be recommended in 
this county at the present time. Experiments which have been carried out and 
experiences which some farmers have had, have indicated that in many cases super­
phosphate may be used with quite as large beneficial effects as complete commercial 
fertilizers. The latter are more expensive and must bring about much larger crop 
yields if their application is to prove as desirable. For special crops certain brands 
of complete fertilizers may be used very profitably. It is important, however, that 
in all cases where complete commercial fertilizers are to be employed, tests 
be carried out on small areas in comparison with superphosphate in order to de­
termine the actual crop effect of the treatment.
Drainage
Many of the upland areas in Kossuth County are naturally poorly drained. The 
drainage system of the county is rather poorly developed as has been indicated by
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the drainage map given earlier in this report. On the broad level areas of the 
Webster soils and also on some areas of the Clarion loam drainage is not entirely 
satisfactory. The Fargo silty clay loam on the terraces and the Lamoure and 
Wabash types on the bottoms are poorly drained. The areas of peat and muck 
require adequate drainage as the first treatment necessary to make them productive.
The straightening and deepening of some of the streams of the county have 
helped the drainage of the land considerably, and the installation of ditches and 
the laying of tile has brought about a vast improvement in the general drainage 
situation. There are still some areas, however, in which drainage is not yet en­
tirely adequate, and the land in these areas is not as highly productive as it might 
be.
The Rotation of Crops
The fertility of any soil is very rapidly reduced by the continuous growing of 
a single crop. A  good rotation of crops helps to maintain the fertility of the soil 
and keep the yields of crops at a high level.
Various rotations of crops may be employed and no one can be given as the 
best. The following are suggested as good rotations for use in this county.
1. SIX-YEAR ROTATION
First year— Corn 
Second year— Corn
Third year—Wheat or oats (with clover, or clover and grass)
Fourth year— Clover, or clover and grass
Fifth year—Wheat (with clover), or grass and clover
Sixth year— Clover, or clover and grass
This rotation may be reduced to a five-year rotation by cutting out either the 
second or sixth year and to a four-year rotation by omitting the fifth and sixth 
years.
2. FOUR OR FIVE-YEAR ROTATION
First year— Corn 
Second year— Corn
Third year—Wheat or oats (with clover, or with clover and timothy)
Fourth year— Clover (If timothy was seeded with the clover the preceding year, the rotation 
may be extended to five years. The last crop will consist principally of timothy.)
3. FOUR-YEAR ROTATION W ITH  ALFALFA
First year— Corn 
Second year— Oats 
Third year— Clover 
Fourth year—Wheat
Fifth year—Alfalfa (The crop may remain on the land five years. This field should then 
be used for the four-year rotation outlined above and the alfalfa shifted to one of the fields 
which previously was in the four-year system.)
4. FOUR-YEAR ROTATIONS
First year—Wheat (with clover)
Second year—Corn
Third year-—Oats (with clover)*
Fourth year— Clover
First year— Corn
Second year—Wheat or oats (with clover)
Third year— Clover
Fourth year—Wheat (with clover)
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First year—Wheat (with clover)
Second year— Clover
Third year— Corn
Fourth year— Oats (with clover)
5. THREE-YEAR ROTATIONS
First year— Corn
Second year— Oats or wheat (with clover seeded in the grain)
Third year— Clover (In grain farming only the grain and clover seed should be sold; most of 
the crop residues such as corn stover and straw should be plowed under. The clover may 
be clipped and left on the land to be returned to the soil and only the seed taken from the 
second crop.)
First year— Corn
Second year— Oats or wheat (with sweet clover)
Third year— Sweet clover (The clover may be mixed and used largely as pasture and green 
manure.)
(This may be changed to a two-year rotation by plowing the sweet clover under the fol­
lowing spring for corn.)
First year—Wheat (with clover)
Second year-—Corn
Third year— Cowpeas or soybeans
The Prevention of Erosion
Erosion is the carrying away of the surface soil by the free movement of water 
over the land. There are two types of erosion, sheet washing and gullying. Sheet 
erosion is the washing away of the surface soil. Gullying is more striking in 
appearance since gulches or ravines may be formed.
Erosion occurs to some extent in Kossuth County, especially in the rolling phase 
of the Clarion loam. The rougher areas of this type are rather seriously eroded. 
Some other soils, particularly the Sioux types on the terraces are also eroded. 
Wherever this injurious action is found, some means must be taken to prevent the 
formation of gullies and the carrying away of the surface soils thru washing.
Various methods are followed for the control and prevention of erosion in Iowa. 
These methods differ somewhat depending upon the type of erosion. Erosion due 
to “ dead furrows” may be controlled by “ plowing in,” by “ staking in” or by the 
use of earth dams.
Small gullies may be filled by the “ staking in” operation, by the use of straw 
dams, earth dams, Christopher or Dickey dams, Adams dams, stone dams, rubbish 
dams, woven wire dams or concrete dams. They may be prevented from occurring 
by thoro drainage or by the use of sod strips. Large gullies may be similarly filled 
or prevented from occurring. Erosion in bottomlands may be prevented by 
straightening the streams, by tiling and by planting trees up the drainage channels. 
Hillside erosion may be controlled by the use of organic matter, by growing cover 
crops, by contour discing, by terracing, by deep plowing and by the use of sod 
strips.*
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*See Bulletin 183. Soil Erosion in Iowa. Iowa Agricultural Experiment Station, and Extension 
Service Bulletins 93, 94, 95 and 96, Agricultural Extension Service, Iowa State College.
42 SO IL SU R V E Y OF IO W A
IN D IVID U AL SOIL TYPES IN KOSSUTH COUNTY*
There are 15 individual soil types in Kossuth County, and these with the rolling 
phase of the Clarion loam and the areas of peat and muck make a total of 18 soil 
areas. They are divided into three large groups according to their origin and 
location, drift soils, terrace soils and swamp and bottomland soils.
Drift Soils
Five drift soils occur in the county, and these with the rolling phase of the 
Clarion loam make a total of six drift areas. They are classified in the Clarion, 
Webster and Dickinson series. Together they cover 91.9 percent of the total area.
CLARION LOAM (138)
The Clarion loam is the most extensively developed soil type and the largest 
drift soil. Together with the rolling phase which is limited in extent, it covers 
40.1 percent of the total area. It occurs thruout the county but is less extensively 
developed in the southern part on the flat drift plains, where it occurs in narrow 
strips adjacent to the drainageways or as isolated areas from 10 to 100 acres in 
extent. In the remaining portion of the county, it is found in irregular shaped 
tracts adjoining the areas of the Webster series, particularly the Webster loam. So 
general is the occurrence of this soil that few if any sections or even quarter sec­
tions of land in the northern three-fourths of the county do not contain at least 
a small area of the Clarion loam.
The surface soil of the Clarion loam is a dark grayish-brown loam which ap­
pears black when wet. The depth of this surface layer is from 7 to 10 inches. 
The subsurface soil to a depth of about 24 inches is a very dark grayish-brown, 
rather heavy loam. The lower part of this layer is somewhat lighter in color, 
and the texture is somewhat heavier than the upper part. The subsoil is a grayish- 
yellow, mellow glacial drift composed chiefly of clay but containing some sand 
and a few pebbles of various sizes. Limestone pebbles and lime rock flour occur 
in this subsoil generally, and it is usually highly calcareous.
There are minor variations in the soil as mapped. On the smoother areas or 
at the bases of slopes and in the more rolling areas, the surface soil is darker and 
deeper than typical. The subsoil in these areas in many places is stained with iron 
and slightly mottled below a depth of 30 inches. In other places the surface 
soil is thinner and lighter than typical. Such areas are found on the crests of 
hills or ridges and where the relief is greatest. In the northern three-fourths of 
the county the areas of this soil are broken by the presence of small gravel pockets. 
These vary from 20 to 100 feet across and in depth from 2 to 10 feet. Where 
these gravel pockets have not been disturbed, the surface soil is a dark brown 
gravelly sandy loam from 6 to 12 inches thick.
In topography the Clarion loam varies from strongly undulating where it occurs 
in small areas surrounded by the Webster soils to gently rolling or rolling in con­
tinuous or larger areas. Where the soil is surrounded by members of the Webster 
series, the topography is smooth but the areas rise above the flat or level areas of
*The descriptions of individual soil types given in this section of the report closely follow those 
in the Bureau of Soils report.
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the Webster soils. Elsewhere the soil presents 
a continuously rolling topography. Natural 
drainage is good but not excessive, and in places 
tiling is necessary.
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Practically all the Clarion loam is under 
cultivation and general farm crops are grown. 
Corn yields from 40 to 65 bushels per acre, oats 
from 30 to 60 bushels per acre, clover 2 tons 
per acre and alfalfa from 3 to 5 tons per acre. 
Sugar beets are grown in some areas yielding 
from 7 to 10 tons per acre. Winter wheat is 
grown by a few farmers with yields ranging 
from 20 to 30 bushels per acre.
This soil will respond to certain methods of 
soil treatment. Large increases in crop yields 
follow the application of manure. The surface 
soil is acid and additions of lime are necessary,
especially for the best growth of legume crops. The use of a phosphate fertilizer 
would undoubtedly be of value. The results of experiments on this type which 
have been discussed earlier in this report indicate very large beneficial effects from 
the use of manure, lime and a phosphate fertilizer. Superphosphate or rock phos­
phate may be employed with profitable results. Farmers should test both of these 
fertilizers on their own soils to determine which may be used to the greatest ad­
vantage. Complete commercial fertilizers may prove profitable in some cases, but 
it seems probable that superphosphate would be more desirable because of its lower 
cost and quite as large effects on crop yields. The use of muriate of potash may 
occasionally be of value, but this material should not be used extensively until tests 
have been carried out on small areas and the value of the fertilizer definitely shown 
for the particular conditions under consideration.
The rolling phase of the Clarion loam is of minor importance in the county, 
covering about 1.5 percent of the total area. It occurs in narrow strips along the 
East Fork Des Moines River and some of its large tributaries. Small areas are 
also found in the vicinity of Goose Lake and Burt Lake in Eagle Township.
The surface soil of the type is a dark grayish-brown, finely granular, friable 
loam, underlaid at a depth of 9 or 10 inches by a layer containing a high percentage 
of clay. This layer is dark grayish-brown in color, grading into a yellowish- 
brown in its lower parts. In texture it ranges from a heavy loam just below the 
surface soil to a silty clay loam near the bottom of the layer. It contains some 
gritty material and a few small boulders. The subsoil below a depth of from 16 
to 20 inches is a buff colored, friable, pebbly, stiff clay, highly calcareous and con­
taining limestone pebbles, rock fragments and limerock flour. There are many 
variations from the typical profile in various locations. In places the texture of the 
surface soil approaches a fine sandy loam. Some gravel spots occur which are 
similar to those found in the typical Clarion loam. In a small area on both sides 
of the East Fork Des Moines River just south of Algona, the surface soil is more
CLARION LOAM (rolling phase) (150)
44 SO IL SU R V E Y OF IO W A
gray, and the subsurface soil is more tough C LAEION LOAM-Bolling Phase
The type is used mainly for pasture and 
timber. It is usually too strongly rolling or 
rough to be satisfactorily cultivated. When 
this type is plowed serious danger of erosion
and the carrying away of the surface soil arises. Only a few small areas are 
sufficiently smooth to be brought under cultivation. Crop yields on the cultivated 
areas are lower than on the typical soil. When cultivated the phase needs to 
be protected from erosion. It then responds to applications of farm manure, lime 
and a phosphate fertilizer. In general most of the phase should be left in timber 
and utilized for pasture purposes.
The Clarion fine sandy loam is a minor type, covering only 0.2 percent of the 
total area. It occurs in a few small scattered areas in various parts of the county. 
The largest areas are found in sections 19 and 20 and sections 15 and 16 of Grant 
Township.
The surface soil of the Clarion fine sandy loam is a dark grayish-brown or very
CLACION FINE SANDY LOAM extending to a depth of 12 inches. The subsoil
and impervious than typical. This area is in 
timber which may account for its lighter gray 
color. This phase of the soil is of small extent.
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In topography the rolling phase of the 
Clarion loam is rolling to strongly rolling or 
broken, as the name indicates. The rougher 
topography is found in the areas on both sides 
of the East Fork Des Moines River, south­
west and southeast of Algona. Elsewhere steep 
areas occur in places, but most of the soil is 
strongly rolling. Drainage is good to ex­
cessive.
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CLARION FINE SANDY LOAM (149)
dark grayish-brown, friable, fine sandy loam.
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is a brown or yellowish-brown loam, heavy 
loam or silty clay loam. The lower subsoil 
below 22 inches is a yellowish or buff colored, 
calcareous drift clay. Some sand and a few 
pebbles are present. Considerable limestone 
flour and limestone pebbles or fragments of 
limestone rock occur. Gravel pockets are oc­
casionally found in this soil just as in the other 
Clarion soils. In topography the soil is un­
dulating to gently rolling or rolling. Natural 
drainage is good and in places may be ex­
cessive.
Part of the soil is pastured but none of it is 
in timber. General farm crops are grown, corn 
yielding very much less than on the Clarion
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loam. Yields of other farm crops are usually lower than on the typical Clarion 
loam.
This soil is chiefly in need of organic matter to be made more productive. 
Large additions of farm manure would be of value, and the turning under of 
leguminous crops as green manures would help materially in increasing the fertil­
ity of the soil and reducing the danger of injury from drouth. The type is acid 
in the surface soil, and the use of lime is necessary for the proper development 
of legume crops. The use of a phosphate fertilizer would undoubtedly prove of 
value, and tests of superphosphate are recommended.
WEBSTER SILTY CLAY LOAM (107)
The Webster silty clay loam is the second largest drift soil and the second 
largest type in the county. It covers 27.8 percent of the total area. It occurs 
most extensively in the southern part of the county in the flat drift plain. It 
occupies a large part of Whittemore, southwestern Cresco, Garfield, Riverdale, 
Sherman, Luverne and southern Irvington and Prairie townships. In places it 
extends in somewhat depressed narrow strips, while in others it broadens out into 
unbroken areas covering several square miles. These unbroken areas lie on a 
broad, flat, smooth plain. In the northern three-fourths of the county, the soil 
occurs in areas varying from flat table lands to round elongated or variously shaped 
depressions within areas of Webster loam or Clarion soils and in depressions fol­
lowing swales or well defined drainageways. In a few places it occurs along 
streams or first bottomlands.
The surface soil of the Webster silty clay loam is a black silty clay loam, ex­
tending to a depth of about 17 inches. From this point, extending to a depth of 
about 28 inches, is a plastic silty clay loam or silty clay, predominately. a. dark 
gray in color and containing light gray spots and streaks. Glacial gravel and 
boulders are abundant in this layer. The subsoil from 28 inches to a depth of 
about 42 inches is a silty clay loam, grayish-yellow or gray, mottled with light gray, 
or yellow. Lime is abundant in the subsoil and sometimes extends up into the sur­
face layer. Small glacial boulders and pebbles occur at all depths. The sub­
stratum extending to a depth of more than 6 feet is a highly mottled gray, brown 
and yellow glacial drift. Small iron concretions may be seen. Iron stains color 
this material. . The lime content is high.
The texture of the surface soil varies from a heavy silty loam to a silty clay. 
On most of the areas mapped as Webster silty clay loam, the typical texture is 
a silty clay loam. Small silty areas occur in nearly all parts of the county but 
are most extensively developed southwest of Algona. These areas are flat but 
lie at a slightly higher elevation than the typical Webster silty clay loam. The silty 
clay areas occur in many of the lower areas of Webster silty clay loam. The 
texture in such areas is slightly heavier than that of the typical soil. There are 
gradations between these areas of varying texture, and the boundary lines must 
be placed rather arbitrarily. The difficulty of separating the silt loam and the 
silty clay from the areas of the Webster silty clay loam have led to their inclusion 
with the silty clay loam as mapped. A  few included areas are somewhat swampy.
In topography the Webster silty clay loam is level to flat or depressed and 
natural drainage is deficient..
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Most of the soil occurring in the southern 
part of the county is under cultivation, altho 
a few areas are virgin. A  rather large propor­
tion of the type in the northern part of the 
county is in pasture or wild hay land, probably 
because drainage is poor. The soil supports 
no natural timber growth, altho groves and 
orchards are grown on farmsteads. In the 
cultivated areas general farm crops are grown, 
and when the drainage is adequate satisfactory 
crop yields are secured. Corn yields from 40 
to 80 bushels per acre. Oats yield from 35 to 
80 bushels per acre. Some clover is grown and 
yields range from 2y2 to tons per acre. 
Alfalfa does well when it is properly seeded 
and the soil is well drained.
The chief need of this soil to be made satis­
factorily productive is adequate drainage. 
The installation of tile and of open ditches is often necessary. While the type 
is high in organic matter, the application of small amounts of farm manure 
would be of value on newly drained areas to stimulate the production of avail­
able plant food. Whenever the surface soil is acid, the use of lime is necessary 
for the best growth of new seedings of legumes. Small applications of farm 
manure are of value, but large additions of this material should not be made as 
there is danger of causing small grain crops to lodge. The use of a phosphate 
fertilizer is worth while on this soil, and tests of superphosphate and rock phos­
phate are recommended. Experiments which have been referred to earlier in this 
report indicate the value of farm manure and phosphate fertilizers on this soil. 
They have also shown the desirability of applying lime when the surface soil is 
acid. Farmers are urged to test rock phosphate and superphosphate under their 
particular conditions to determine which may be employed most satisfactorily. 
The results with these two fertilizers will vary somewhat under different conditions. 
The use of a complete commercial fertilizer may be desirable in some cases, and 
tests should be carried out in comparison with superphosphate before extensive 
applications of any complete brand are made. The use of muriate of potash may 
be desirable in some cases, but tests should be carried out with this material be­
fore it is applied to extensive areas.
WEBSTER LOAM (55)
The Webster loam is the third largest soil type, covering 23.6 percent of the 
total area. It occurs in various parts of the county but is most extensively de­
veloped in the northern three-fourths where it is found both in extensive areas and 
in small irregular tracts associated with the Clarion loam. Some of the narrow 
tracts occur between areas of the Clarion loam and consist of depressions be­
tween rises which have gradual slopes downward from the Clarion loam to the 
centers of the areas of Webster loam. In some places the boundary lines are 
located somewhat arbitrarily as there is a gradual transition from one soil to the
K O SSU TH  C O U N TY SOILS 47
other. In other places very narrow strips of the ' 
heavy textured Webster silty clay loam occur in 
the lowest parts of depressions or in their centers. A|
These strips are generally of insufficient size to 
be of importance, and it is impossible to show ^  
them on the map.
The surface soil of the Webster loam is a very B 
dark grayish-brown or nearly black, mellow loam 
extending to a depth of 6 to 12 inches. The sub­
surface layer is similar in color but is slightly 
heavier in texture, ranging from a heavy loam to 
a heavy silt loam and in some places even to a _ 
silty clay loam. The subsoil below a depth of 
about 15 inches is a drab clay containing faint 
gray mottlings and a few iron stains. This layer 
extends to a depth of about 26 inches on the 
average, in some places going as low as 40 inches.
The substratum is a calcareous gray drift clay, 
heavily mottled with brown and yellow and stained with iron. Limerock flour 
and limestone pebbles occur thruout the substratum. In the cultivated areas the 
surface soil is more friable and contains some sand to a depth of two inches.
In topography this soil is very slightly rolling to undulating. Natural drain­
age in most places is fair but may be deficient. In some of the higher areas it is 
adequate. In the lower areas drainage is apt to be deficient.
Practically all of the type is under cultivation and general farm crops are grown. 
Corn yields from 50 to 75 bushels per acre, oats from 45 to 70 bushels per acre, 
alfalfa about 4 tons per acre, clover from 2 ^  to 3 tons per acre and winter wheat 
from 22 to 30 bushels per acre. In favorable seasons high yields are secured, 
especially where drainage conditions are adequate. Some sugar beets are grown 
on this type, the crop yielding from 8 to 15.tons per acre.
In many areas the chief need of the Webster loam is adequate drainage. When 
this is accomplished very satisfactory crop yields may be secured. The type is 
high in organic matter, but it will respond in a very large way to applications of 
farm manure. Large additions of this material are not desirable on the soil, but 
small applications are of considerable value. The type is apt to be acid in the 
surface soil, and when this is the case additions of lime are necessary for the best 
development of new seedings of legumes. The use of a phosphate fertilizer would 
undoubtedly be of value, and tests of rock phosphate and superphosphate are 
recommended.
DICKINSON FINE SANDY LOAM (175)
The Dickinson fine sandy loam is a minor type, covering only 0.2 percent of 
the county. It occurs in small isolated areas, generally on slight elevations rising 
above tracts of the Clarion loam.
The surface soil of the type is a friable, dark grayish-brown fine sandy loam 
extending to a depth of about 10 inches. The subsurface soil to a depth of about 
2 feet is a brown or yellowish-brown fine sandy loam or loamy fine sand. Below
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this point is a b'rownish-yellow incoherent fine 
sand. In some of the areas the surface soil is 
a little lighter colored. In small areas the sub­
soil contains considerable gravel along with the 
sand. This gravelly material is calcareous in 
places. In topography the Dickinson fine sandy 
loam is smoothly rolling or rolling. Natural 
drainage is good to excessive. In dry seasons 
crops are apt to suffer from lack of moisture.
Some of the type is left in pasture or wild 
hay, but most of it is under cultivation and 
general farm crops are grown. Yields are 
variable but generally low. Corn yields from 
20 to 35 bushels per acre, oats from 20 to 30 
bushels per acre and hay from ^  to 1 ton per 
acre.
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The chief need of the Dickinson fine sandy 
loam if it is to be made satisfactorily productive is the addition of organic matter. 
Large applications of farm manure would prove of value on this soil in stimulating 
crop production and in reducing the danger of injury to crops in dry seasons. The 
turning under of leguminous crops as green manures would be of large value. The 
type is acid and in need of lime, especially for the best growth of legumes. The 
use of a phosphate fertilizer would undoubtedly be of value, and tests of super­
phosphate are recommended.
Terrace Soils
There are five terrace soils, classified in the Sioux, Fargo, Buckner and Han­
cock series. Together they cover 1.8 percent of the area of the county.
SIOUX FINE SANDY LOAM (171)
The Sioux fine sandy loam is the largest of the terrace types, covering 1.3 percent 
of the total area. It occurs on flat or undulating terraces from 5 to 30 feet above 
overflow along the East Fork Des Moines River and some of the largest creeks 
in the county. The areas vary from a quarter of a mile to a mile in width. In 
many places individual farms consist solely of this soil.
The surface soil of the Sioux fine sandy loam is a dark grayish-brown or very 
dark grayish-brown, friable, mellow fine sandy loam extending to a depth of 8 to 
15 inches. The subsurface soil is a fine sandy loam, ranging in places from a loam 
or heavy loam to a sandy loam. The subsoil which is encountered at an average 
depth of about 22 inches is a brown, yellowish-brown or yellow incoherent coarse 
sand and gravel. Some coarse gravel arid small boulders are present. The sub­
soil is calcareous containing limerock pebbles. In the areas along the East Fork 
Des Moines River from west df Bancroft to the county line north of Seneca, the 
subsoil varies from the typical. Locally it is coarse and sandy, contains little 
or no gravel and is non-calcareous. Other variations are caused by the outcropping 
o f  the gravel in the substratum where the terraces slope down to the first 
bottomlands. In topography the Sioux fine sandy loam is level to gently sloping
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toward the bottomlands. In the area southeast sioux fine SANDY loam 
of Whittemore, along Lotts Creek, the soil 
grades into the Webster series without any ap­
preciable change in elevation. The type is ex­
cessively drained and crops are apt to suffer for 
moisture in dry seasons.
From two-thirds to three-fourths of the soil 
is under cultivation to general field crops. Corn 
yields from 20 to 45 bushels per acre, oats from 
20 to 30 bushels per acre and hay from %  to 1Y* 
tons per acre. The pasture lands support native 
grasses. Hay, mostly timothy, is an important 
crop. Some timothy and clover and some wild 
hay is grown.
This soil is chiefly in need of organic matter 
to be made more productive. Liberal additions 
of farm manure would prove of large value in 
increasing its fertility and also in reducing the danger of drouth injury to crops, 
The turning under of leguminous crops as green manures would also be of large 
value in building up the organic matter supply in the soil. The type is acid in 
reaction in the surface soil, and lime should be applied before new seedings of 
legumes are made. The use of a phosphate fertilizer would undoubtedly prove of 
value, and tests of superphosphate are recommended.
SIOUX LOAM (76)
The Sioux loam is a minor type, covering 0.2 percent of the county. It occurs 
in small areas on gravel terraces and outwash plains particularly along the East 
Fork Des Moines River.
The surface soil of the Sioux loam is a dark grayish-brown or very dark brown 
friable loam, extending to a depth of about 12 inches. The subsurface soil is a
brown loatn, heavy loam, sandy loam or loamy 
sand containing some coarse sand and fine 
gravel. It grades at a depth of about 24 inches 
Medium jnt0 a yellowish-brown or buff, incoherent, 
Acidity coarse sand and gravel, containing some coarser 
gravel and small stones, limestone pebbles and 
Low |e other rocks encrusted with lime.
Acidity In topography this type is flat, and because 
: of. the sandy and gravelly nature of the subsoil,
drainage is excessive and crops are apt to suffer 
in periods of drouth.
General field crops are grown on the soil, and 
-Basic yields are fair in favorable seasons. The chief 
need of the soil is organic matter, and liberal 
additions of farm manure would prove of large 
value. The turning under of leguminous crops 
, as green manures would be of large value, The
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type is acid in reaction at the surface, and the use of lime is necessary for new 
seedings of legumes. The use of a phosphate fertilizer would undoubtedly prove 
of value, and tests of superphosphate are recommended.
FARGO SILTY CLAY LOAM (109)
The Fargo silty clay loam is a minor type, covering 0.1 percent of the total area. 
It occurs usually in small ponds or lake-like depressions found in various parts of 
the county, the areas ranging in size from 10 to 70 acres. Its total extent is not 
large. The largest area of the soil occurs in section 20 of Cresco Township. This 
area is on a flat stream terrace and is wet and dotted with boggy spots.
The surface soil of the Fargo silty clay loam to a depth of about 14 inches is a 
black or nearly black silty clay loam, finely granular in structure. Below 8 or 9 
inches the subsurface soil is somewhat heavier. The subsurface soil is a drab or 
dark gray clay, and in many places is calcareous. Below 28 inches the subsoil is 
a lighter drab or gray calcareous clay which is commonly finely mottled with gray 
and brown. Small areas of the loam or clay of this series are included with the 
silty clay loam because of their small extent. In some places fine gravel is mixed
In topography the Fargo silty clay loam is flat or 
depressed, and drainage is deficient.
Very little of the type is under cultivation, and 
it is used chiefly as pasture or wild hay land. 
The chief need of this soil if it is to be cultivated 
is the establishment of an adequate drainage 
system. The installation of tile drains provided 
with adequate outlets is necessary which may 
require the installation of drainage ditches. 
When drainage is accomplished, the use of small 
amounts of farm manure would be of value to 
stimulate the production of available plant food. 
Large additions of manure should not be made 
to this soil because of the danger of causing 
crops to lodge. The use of a phosphate fertilizer 
would undoubtedly be desirable, and tests of 
superphosphate and rock phosphate are recom­
mended/
BUCKNER FINE SANDY LOAM (45)
The Buckner fine sandy loam is a minor type, covering 0.1 percent of the county. 
It occurs only in a few small areas, the largest being found along the East Fork 
Des Moines River. The areas occur on terraces from 5 to 30 feet above the first 
bottoms.
The surface soil of the Buckner fine sandy loam to a depth of 16 inches is a dark 
brown fine sandy loam. The subsurface soil is a lighter brown or yellowish-brown 
sandy loam. Much coarse sand and gravel are found thruout the surface and 
subsurface soils. The subsoil is very similar to the subsurface soil, altho somewhat 
lighter in color. It is typically a fine sandy loam. In topography the type is 
relatively flat. High winds sometimes cause a slight shifting of the surface soil
with the clay in the subsoil. 
FARGO SI LTV CLAY LOAM
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and ridges are occasionally formed. Drain- 
age is good or excessive in dry seasons;
This soil is nearly all under cultivation and 
general farm crops are grown. The yields are 
very similar to those secured on the Sioux 
fine sandy loam, altho in general the type is 
somewhat more productive. The greatest need 
of the soil is additions of organic matter. Lib­
eral applications of farm manure would be of 
large value. The turning under of leguminous 
crops as green manures is very desirable to 
build up the organic matter supply in the soil, 
make it more productive and reduce the danger 
of drouth injury in dry seasons. The type is 
acid in reaction and in need of lime for the best 
growth of legumes. The use of a phosphate 
fertilizer would undoubtedly prove of value, 
and tests of superphosphate are recommended.
HANCOCK LOAM (61)
The Hancock loam is a minor type, covering 0.1 percent of the total area. It 
occurs in a number of small areas in the county. They are found H of a mile 
east of Irvington at the back of the terrace on which the town is built, and in sec­
tions 9, 15, 16 and 22 of Springfield Township along the Blue Earth River.. A  
few areas too small to show on the map are scattered along the larger creeks.
The surface soil of the Hancock loam to a depth of 10 inches consists of a 
dark grayish-brown or almost black, friable loam, containing much fine sand to 
a depth of 3 or 4 inches. The subsoil is a dark brown, heavy loam or silty clay 
loam, becoming slightly lighter in color with depth. At a depth of 20 inches it 
grades into a yellowish-brown clay loam which is in places calcareous near a 
depth of 3 feet.
In topography the soil is nearly flat, altho a few 
narrow, shallow ridges are developed on the bench 
along the Blue Earth River. Drainage is adequate 
except in a few low pockets.
The soil is practically all under cultivation, and 
crop yields are very similar to those secured on 
the Webster loam. The type will respond to ap­
plications of farm manure, and liberal additions 
of this material are recommended. The turning 
under of leguminous crops as green manures 
would be of value. The type is acid in the sur­
face soil, and the use of lime is necessary especial­
ly for new seedings of legumes. The application 
of a phosphate fertilizer would undoubtedly prove 
of value/and tests of superphosphate and rock 
phosphate are recommended.
HANCOCK LOAM
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Swamp and Bottomland Soils
There are five swamp and bottomland soils, and these with the areas of peat and 
muck make seven bottomland soils in the county. They are classified in the 
Wabash and Lamoure series and together they cover 6.3 percent of the total area.
The Wabash loam is a minor bottomland type, covering 0.1 percent of the 
total area. It occurs on the bottoms of the East Fork Des Moines River and 
along a few of the larger creeks of the county. The areas range in extent from 
10 to 40 acres in size.
The surface soil of the Wabash loam is a very dark grayish-brown, friable, 
mellow loam underlaid at a depth of about 15 inches by a lighter grayish-brown
The Wabash silt loam is the fourth largest bottomland type in the county, cover­
ing 0.8 percent of the total area. It occurs on the bottomlands along the East 
Fork Des Moines River and along some of the smaller streams.
The surface soil of the Wabash silt loam is a very dark grayish-brown or nearly 
black silt loam, extending to an average depth of 15 inches. At the lower part 
of this layer, between 10 and 15 inches, very often a heavy silt loam is found. The 
subsurface layer to a depth of 28 inches is a dark drab silty clay loam or silty 
clay. The subsoil is a drab or gray silty clay or clay containing iron concretions 
and a few mottlings of lighter gray or yellow and brown.
In topography the soil is generally flat and drainage is deficient. The surface 
is broken by remnants of former stream courses or old meanders, or in the case 
of ditched streams of former channels and ditches, all of which contribute to a 
loss of cultivated land. On the rougher bottomlands along the East Fork Des 
Moines River and larger creeks such as Black Cat Creek, considerable timber
W ABASH  LOAM (49)
WABASH LOAM
or dark drab silty clay loam or clay loam. The 
subsoil is a gray or drab silty clay, heavier in 
texture than the layers above but containing 
some very fine sand. A  few iron stains are 
found in this layer. In topography the type 
is flat to level, and drainage is fair to de­
ficient. .
B
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The soil is best suited for the production of 
wild hay or for use as pasture land. A  few 
well-drained areas are under cultivation to corn, 
oats and hay. Yields are very good under 
favorable conditions, but on most of the soils 
they are uncertain. The chief need of this soil 
is drainage and protection from overflow if it 
is to be cultivated successfully. It will then 
respond to applications of farm manure. It 
is acid in reaction and in need of lime. The
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use of a phosphate fertilizer would be desirable 
and tests of superphosphate and rock phosphate are recommended.
W ABASH  SILT LOAM (26)
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growth occurs. These areas are utilized for w a b a s h  s i l t  
pasture and timber land or the production of 
wild hay.
When cultivated general farm crops are 
grown on this type and yields are fairly satis­
factory, depending upon the drainage conditions 
and the particular seasonal conditions. The 
chief need of this soil is drainage and protection 
from overflow if it is to he satisfactorily pro­
ductive. Small applications of farm manure 
would then be of value. The application of lime 
is necessary as the type is acid in reaction. The 
use of a phosphate fertilizer would undoubtedly 
be desirable, and tests of superphosphate and 
rock phosphate are recommended.
W ABASH  SILTY CLAY LOAM (48)
The Wabash silty clay loam is the second 
largest bottomland soil, covering 1.4 percent of the total area. It occurs on the 
bottomlands along the East Fork Des Moines River and most of the larger creeks 
of the county.
The surface soil of the Wabash silty clay loam is a black or nearly black silty 
clay loam, ranging in thickness from 12 to 18 inches, averaging about 15 inches. 
The subsurface soil to a depth of 28 inches is a drab clay slightly mottled with iron. 
The subsoil is a lighter gray or drab clay, commonly stained with iron and in places 
showing greater mottlings of gray, brown and yellow.
In topography the Wabash silty clay loam is prevailingly flat, altho locally there 
may be a succession of rises and depressions which are remnants of former stream 
channels. Some of the depressions contain water the year around. Such areas
generally support a timber growth and are used 
for pasture land. Most of the soil, however, 
is suitable for cultivation or the production of 
wild hay. Very few of the small narrow 
stream bottoms are suitable for cultivation but 
are utilizable for hay and pasture land. Tim­
bered areas occur only on the bottoms along 
the East Fork Des Moines River and some of 
its larger tributaries. Natural drainage of the 
soil is fair or deficient. Locally, some small 
parts of large areas are so poorly drained as to 
be swampy. Drainage has been accomplished 
in many places by open ditches and by tile 
drains. Corn is the chief crop grown, on this 
soil on cultivated tracts. Very little small 
grain is produced. Yields are fair in favorable 
seasons.
The chief need of this soil to be made satis-
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factorily productive is adequate drainage and 
protection from overflow. The addition of small 
amounts of farm manure would be of value on 
newly* drained areas. The type is acid and in 
need of lime, especially for legume growth. The 
use of a phosphate fertilizer would be of value, 
and tests of superphosphate and rock phosphate 
are recommended.
LAMOURE SILT
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LAMOURE SILT LOAM (153)
The Lamoure silt loam is a minor type in the 
county, covering only 0.2 percent of the total area.
It occurs along the creek and river bottoms in very 
small areas.
The surface soil of the Lamoure silt loam is a 
black or nearly black silt loam averaging 15 inches 
in thickness. Below 8 or 10 inches the material 
may range from a heavy silt loam to a light silty
clay loam. The subsurface layer is a dark gray or drab silty clay, grading at a 
depth of about 24 inches into the subsoil which consists of a gray calcareous clay 
mottled with gray or yellow. The type is very similar to the Wabash silt loam 
except that the subsoil is highly calcareous and effervesces with acid.
The soil is handled in much the same way as the Wabash silt loam, and yields 
of general farm crops which are grown in the cultivated areas are very similar. 
When the soil is properly drained and protected from overflow, which are the first 
treatments needed, very satisfactory yields o f general farm crops may be secured. 
Small amounts of farm manure would be of value to stimulate the production of 
available plant food on newly drained areas. Large additions of farm manure 
should not be made to this soil. The use of a phosphate fertilizer would undoubt­
edly be of value, and tests of superphosphate 
and rock phosphate are recommended.
LAMOURE SILTY CLAY LOAM (111)
The Lamoure silty clay loam is the largest 
of the bottomland soils, covering 2 percent of 
the total area. It occurs in numerous small 
areas along the rivers and streams of the 
county.
The surface soil of the Lamoure silty clay 
loam is a very dark grayish-brown or black 
silty clay loam averaging 17 inches in thick­
ness. . The subsurface soil is a dark drab silty 
clay or clay, grading at a depth of from 26 to 
30 inches into a gray or drab, mottled cal­
careous clay. The type occurs in depressed 
areas and in topography is flat to depressed. 
The natural drainage of the soil is very poor,
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and the type is subject to flooding after heavy rains. The soil is very similar to 
the Wabash silty clay loam, the only difference being in the content of lime which 
is very high in the subsoil. Much of the soil is in pasture and utilized as wild 
hay land.
The chief need of the soil if it is to be cultivated is adequate drainage and pro­
tection from overflow. When this is accomplished crop yields may be quite satis­
factory. The soil is naturally highly fertile. Small applications of farm manure 
would be of value on newly drained areas, but large additions should not be made 
to this soil. The use of a phosphate fertilizer would undoubtedly be of value, and 
tests of rock phosphate and superphosphate are recommended.
S& _
PEAT (21)
A small area of peat covering 0.5 percent of the total area is included in the 
county. It occurs in scattered tracts but is most extensively developed in the 
northern three-fourths. One area of about 170 acres occurs in Garfield Town­
ship. Except in what is known locally as Union Slough which contains about 
2,500 acres of peat, few areas of this material exceed 80 acres in extent. The 
average is probably between 30 and 60 acres.
Much of the peat in Kossuth County is comparatively shallow, ranging in thick­
ness from 6 to 24 inches. The peat in the area known as Union Slough is from 
4 to 10 feet thick. Most of the peat in the county seems to be underlaid by a 
good clay subsoil, which means that it is much easier to reclaim.
Alkali soils are frequently found in association with the peat deposits in areas 
in Kossuth County. They may vary in size from 1/10 of an acre to 2 acres. The. 
treatment needed for the reclamation of these alkali spots has been discussed 
earlier.
MUCK (21a)
There is a considerable area of muck in the county, covering 1.2 percent of the 
total area. It occurs in various parts but is most extensively developed in the 
northern three-fourths. As in the case of the peat, the muck is found in the up­
lands in sloughs or pond-like depressions which were once under water but are 
now drained and subject to inundation only for part of the year. The largest 
areas occur in Eagle and Grant townships. Some of the areas are old sloughs, 
and in the largest small islands composed of mineral soil occur.
Muck is a black, smooth, loose, mellow mass or organic matter mixed with 
varying amounts of mineral matter. It is derived from peat thru decomposition 
and represents a stage in the transformation of peat into soil. Areas of muck 
in the county vary in thickness from a few inches to several feet but average 
between 18 and 24 inches.
In general muck is more easily brought under cultivation than is peat. It has 
attained a more advanced stage of decay and more mineral matter is mixed with 
it. The treatments needed for muck lands are the same as those which have been 
described for peat.

APPENDIX
THE SOIL SURVEY OF IOWA
What soils need to make them highly productive and to keep them so, and how their needs 
I may be supplied, are problems which are met constantly on the farm today.
To enable every farmer to solve these problems for his local conditions, a complete survey 
I and study of the soils of the state has been undertaken, the results of which will be published 
I in a series of county reports. This work includes a detailed survey of the soils of each county, 
I following which all the soil types, streams, roads, railroads, etc., are accurately located on a 
I soil map. This portion of the work is being carried on in cooperation with the Bureau of 
I Soils of the United States Department of Agriculture.
Samples of soils are taken and examined mechanically and chemically to determine their 
I character and composition and to learn their needs. Pot experiments with these samples are 
I conducted in the greenhouse to ascertain the value of the use of manure, fertilizers, lime and 
I other materials on the various soils. These pot tests are followed in many cases by field ex- 
I periments to check the results secured in the greenhouse. The meagerness of the funds avail- 
I able for such work has limited the extent of these field studies and tests have not been 
I possible in each county surveyed. Fairly complete results have been secured, however, on the 
I main types in the large soil areas.
Following the survey, systems of soil management which should be adopted in the various
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counties and on the different soils are worked out, old methods of treatment are emphasized as 
necessary or their discontinuance advised, and new methods of proven value are suggested.
PLANT FOOD IN SOILS
Fifteen different chemical elements are essential for plant food, but many of these occur 
so extensively in soils and are used in such small quantities that there is practically no danger 
of their ever running out. Such, for example, is the case with iron and aluminum, past 
experience showing that the amount of these elements in the soil remains .practically constant.
Furthermore, there can never be a shortage in the elements which come primarily from the 
air, such as carbon and oxygen, for the supply of these in the atmosphere is practically inex­
haustible. The same is true of nitrogen, which is now known to be taken directly from the 
atmosphere by well-inoculated legumes and by certain microscopic organisms. Hence, altho 
many crops are unable to secure nitrogen from the air and are forced to draw on the soil 
supply, it is possible by the proper and frequent growing of well-inoculated legumes and their 
use as green manures, to store up sufficient of this element to supply all the needs of succeed­
ing non-legumes.
THE “SOIL DERIVED” ELEMENTS
Phosphorus, potassium, calcium and sulfur, known as “soil derived” elements, may fre­
quently be lacking in soils, and then a fertilizing material carrying the necessary element must 
be used. Phosphorus is the element most likely to be deficient in all soils. This is especially 
true of Iowa soils. Potassium frequently is lacking in peats and swampy soils, but normal soils 
in Iowa and elsewhere are usually well supplied with this element. Calcium may. be low in 
soils which have borne a heavy growth of a legume, especially alfalfa; but a shortage of this 
element is very unlikely. It seems possible from recent tests that sulfur may be lacking in many 
soils, for applications of sulfur fertilizers have proved of value in some cases. However, little 
is known as yet regarding the relation of this element to soil fertility. If later studies show 
its importance for plant growth and its deficiency in soils, sulfur fertilizers may come to be 
considered of much value.
AVAILABLE AND UNAVAILABLE PLANT FOOD
Frequently a soil analysis shows the presence of such abundance of the essential plant foods 
that the conclusion might be drawn that crops should be properly supplied for an indefinite 
period. However, applications of a fertilizer containing one of the elements present in such 
large quantities in the soil may bring about an appreciable and even profitable increase in crops.
The explanation of this peculiar state of affairs lies in the fact that all the plant food shown 
by analysis to be present in soils is not in a usable form; it is said to be unavailable'. Plants 
cannot take up food unless it is in solution; hence available plant food is that which is in solu­
tion. Analyses show not only this soluble or available portion, but also the very much larger 
insoluble or unavailable part. The total amount of plant food in the soil may, therefore, be 
abundant for numerous crops, but if it is not made available rapidly enough, plants will suffer 
for proper food.
Bacteria and molds are the agents which bring about the change of insoluble, unavailable 
material into available form. If conditions in the soil are satisfactory for their vigorous growth 
and sufficient total plant food is present, these organisms will bring about the production of 
enough soluble material to support good crop growth.
REMOVAL OF PLANT FOOD BY CROPS
The decrease of plant food in the soil is the direct result *of removal by crops, altho there is 
often some loss by leaching also. A  study of the amounts of nitrogen, phosphorus, and potas­
sium removed by some of the common farm crops will show how rapidly these elements are 
used up under average farming conditions.
The amounts of these elements in various farm crops are given in table I. The amount of 
calcium and sulfur in the crops is not included, as it is only recently that the removal of these 
elements has been considered important enough to warrant analyses.
The figures in the table show also the value of the three elements contained in the different 
crops, calculated from the market value of fertilizers containing them, Thus the value of nitro­
gen is figured at 16 cents per pound, the cost of the element in nitrate of soda; phosphorus at 
12 cents, the cost in superphosphate, and potassium at 6 cents, the cost in muriate of potash.
It is evident from the table that the continuous growth of any common farm crop without 
returning these three important elements will lead finally to a shortage of plant food in the 
soil. The nitrogen supply is drawn on the most heavily by all the crops, but in the case of 
alfalfa and clover only a small part should be taken from the soil. If these legumes are 
inoculated as they should be, they will take most of their nitrogen from the atmosphere. The 
figures are therefore entirely too high for the nitrogen taken from the soil by these two crops, 
but the loss of nitrogen from the soil by removal in non-leguminous crops is considerable. The
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Calculating Nitrogen (N) at 16c (Sodium Nitrate (NaNo3) ), Phosphorus (P) at 12c 
(Superphosphate), and Potassium (K ) at 6 c (Potassium Chloride (KC1) ).
Crop Yield
Plant Food, Lbs. Value of Plant Food TotalValue
of
Plant 
1 Food
Nitro­
gen
! Phos- 
1 phorus
Potas- 
1 sium
Nitro­
gen
Phos­
phorus
Potas­
sium
Corn, grain | 75 bu. 75 12.75 1 14 $12.00 $1.52 $0.84 $14 37Corn,stover 2.25 T. 36 4.5 39 5.76 0.54 2.34 8 64Corn, crop
30 bu.
111 17.25 53 . 17.76 2.07 3.18 23 01Wheat, grain 42.6 7.2 7.8 6.81 0.86 0.46 8 13Wheat, straw 1.5 T. 15 2.4 27 2.40 0.28 1.62 4 30Wheat, crop
50 bu.
57.6 9.6 34.8 9.21 1.14 2.08 12.43Oats, grain 33 5.5 8 5.28 0 .66 0.48 6 42Oats, straw 1.25 T. 15.5 2.5 26 2.48 0.30 1.56 8.28Oats, crop 
Barley, grain 30 bu.
48.5
23
8
5
34
5.5
7.76
3.68
0.96
0.60
' 2.04 
0.33
14.70 
4 61Barley, straw 0.75 T. 9.5 1 13 1.52 0.12 0.78 2 42Barley, crop
30 bu.
32.5 6 18.5 5.20 0.72 1.11 7 03Rye, grain 29.4 6 7.8 4.70 0.72 0.46 5 88Rye, straw 1.5 T. 12 3 21 1.92 0.36 1.26 3.54Rye, crop 41.4 9 28.8 6.62 1.08 1.72 9 42Potatoes 300 bu. 63 12.7 90 10.08 1.25 5.40 17 00Alfalfa, hay 6 T. 300 27 144 48.00 3.24 8.64 59 881 imothy, hay 3 T. 72 9 67.5 11.52 1.08 3.95 16 55Clover, hay 3 T. 120 15 90 19.20 1.80 5.40 16.40
t nd in th<; soil are also rapidly reduced by the growth of ordinary crops.
While the nitrogen supply may be kept up by the use of leguminous green manure crops, phos- 
phorus and potassium must be supplied by the use of expensive commercial fertilizers.
the cash value of the plant food removed from soils by the growth and sale of various 
crops is considerable. Even where the grain alone is sold and the crop residues are returned 
' °Jh e t h e .re \s a large loss of fertility, and if the entire crop is removed and no return 
made, the loss is almost doubled. It is evident, therefore, that in calculating the actual income 
trom the sale of farm crops, the value of the plant food removed from the soil should be sub­
tracted from the proceeds, at least in the case of constituents which must be replaced at ther* CoCIll time.
Of course, if the crops produced are. fed on the farm and the manure carefully preserved and 
used, a large part of the valuable matter in the crops will be returned to the soil. This is the 
case in livestock and dairy farming where the products sold contain only a portion of the valu- 
e elements of plant food removed from the soil. In grain farming, however, green manure 
rops and commercml fertilizers must be depended upon to supply plant food deficiencies in the 
oil. It should be mentioned that the proper use of crop residues in this latter system of farming 
reduces considerably plant food losses.
REMOVAL FROM IO W A SOILS
It has been conservatively estimated that the plant food taken from Iowa soils and shipped 
out of the state m grain amounts to about $30,000,000 annually. This calculation is based on 
he estimate of the secretary of the Western Grain Dealers’ Association that 20 percent of 
Tn?riî and TV® M? p^rcent of the oats produced in the state is shipped off the farms 
this loss of fertility is unevenly distributed over the state, varying as farmers do more or 
ss livestock and dairy farming or gram farming. In grain farming, where no manure is pro- 
ced and the entire grain crop is sold, the soil may very quickly become deficient in certain 
necessary plant foods. Eventually, however, all soils are depleted in essential food materials, 
whatever system of farming is followed.
PERMANENT FERTILITY IN IOWA SOILS
.nTPe PreIlI™nary study of Iowa soils,' already reported, revealed the fact that there is not 
an inexhaustible supply of nitrogen, phosphorus and potassium in the soils of the state 
^tassium was found in much larger amounts than the other two elements, and it was concluded,
. erefore, that attention should be centered at the present time on nitrogen and phosphorus, 
n spite of the fact that Iowa soils are still comparatively fertile and crops are still large,'there 
a undant evidence at hand to prove that the best possible yields of certain crops are not being
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¡S-M= S t S« SSS 3
able plant food. ? . ... . ,, nf satisfactory crops, and the main-
Proper systems of farming will ¿nsuJ® 1;. pnf h svstems should not be delayed until the
tenance of permanent fertility and the a c tio n  o y tedious and very expensive fight
crop yields are much lower for then it will put into operation while
to bring the soil back to a fertile condition p P present in the soil, it is relatively
S g l S k S S S S S S t ' I d ’arientln may be centered on other elements likely to be
“I S m w b e  t o O T n e X f c r t i l e  by adopting certain practices which wUl be summarized 
here.
CULTIVATION AND DRAINAGE
The moisture in soils is one of the most lmportant factors ^ ernm g^^hei/food^nd also for 
soil is too dry, .plants suffer for lack f  j ^ t i e ^  are S V S tr ic tS  in dry soils that the produc- 
lack of available plant food. B a c t e r i a l tA on mich^oisture is present, plants likewise 
tion of available plant food practically ceases. _ 4 the soji and the absence of avail-
refuse to grow properly because of the exclus o beneficial bacterial action is limited and
{¡¡Kiri
S i t i n g  beneficial decay
PrW H eS'the amount of moisture in the soil depends very j a r g o n
of water may be removed.from the soil ^ / r ^ g e  A e ^ u n t  Paintaining of
soil may be conserved during the periods of drouth by nature of the soil, but more
a good mulch. The need for a " "  d ^ lo a m  will be
particularly by the subsoil. If the subsoil is a vy, g j  surface soil is sandy,
r S n & w m b e  oi S i ? p f e n ? n g t e ° r S  drying on, of the soil and also ,n 
checking losses of valuable matter by leaching.
THE ROTATION OF CROPS . .
Experience has shown many times that the contmuousgrovgho^ fam
n o d f f f ic ^ h o ‘V & ^ r i e ™ e d  in selecting those s u i t that crops
but hive no effect on certain other crops■ ^ o ^ s t S «  to be disposed of in
crops of the same plant is long enough to allow t Comm0nly accepted, chiefly because
the soil or made harmless. This theory l»s n o t!’“ "ely “ S u l  if the ¿mounts of these
" o u i  STring abouty,he effects evidenced in continuous
CrButwhatever the reasons for the bad eff
all good systems of farming some definite Staton to tld  be d Pt d > other way „ „
g r s s s ? a » s s s : - -  sa,i" y as by*
use ofTegumis, eithefas regular or “catch” crops in the rotation.
MANURING
There must always be enough humus or Jgf g S & j S & Z m
factory crops are to be secured. Hum Portion of nitrogen. An abundance of humus
for crop growth, but it supplies * * * & & ?  nitrogen. This nitro-
may always be considered a reliable mdicaf 9  with proper physical conditions in the
gen does not occur in a form available for makes up the humus,
« a t a  u
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t t e r S i S  “ « I  r S . addS Which diSS0lvc and make ™ iIaW= « *  insoluble
farm m a M r ^ c r o p ^ L u ^ in d ^ r S ^ m a n u ^ ^ f ir lT t '^  h” d nitrog,'n o£ soi,s- These are d„  , g manure, the first two being much more common.
inoculated le C T m e ^ L ^ r t o  the ritatlonmf a r re Pr° dUCed ° "  “ “  farm> *ni well-
maintaining £  ‘t a i l B  S & f g S f i .  M  “ “  ?
THE USE OF PHOSPHORUS
u j r f  » r e ?  S L n b manures'Son6! ^ 111 pho(sPhorus- Moreover, it Is not possible by the
entire amount o h L  elementTeLTed brcrops8’ C r ^ 'r S S  S o ’ *° T F  *° t‘M, soil ,hea portion of the ohosohorus remmwJ V ° P es . e.s> stover and straw merely return
the element thev caimnt and whlle. their use is important in checking the loss of
the S Æ ^ mamire adds, n0 Ph°sphorus that was not used £
by crops which aregfed on the farm tot not atTof T  W h T  iS”  ?f the- IlhosÎ hor" s amoved
§ f a  more'or t i S X
S f i n M
a„f^o?lc0prhos“(Siebe i S ê S  “X j  bûnî  .meal> superphosphate
production, so the choice rests between rock n W  ^e^erallJ> because of its extremely limited
U S T t f S ? V y  I r S S e l
LIMING
s S s  S l B E i- t - ' ‘ ^ i a , “a s f a s i* a 3
s , Ï Ï l £ svsasa. * :  s m
No 151 of thtc ctatiAn p„ +• 7 ,^e tests^  of many representative soils reported in Bulletin
So0uth^n0Io^Yer°a?easP. ï e ^ rlL ^ id the in 4  l0Wa”
A  fe r r a te  Cr°P iS “** P“ *
SOIL AREAS IN IOWA
I S æ S S S ï i !
Ê S 5 T à ^ i ^ i i r i e ^ i * ï S
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areas occur in Iowa
part of the state. The soil* of these W o «  «T ic J in ra s io n sT h e  Iowan drift was laid 
tion, due primarily to the different ages ofjhe «e ra  a  ( foo(i than the Wisconsin
“  «*  « “  Whkh ^  * * *  SmCe “ S
f°The drift deposits in the remainder of th® . X ' a k  during'a'^riod of 
vast accumulations of dust-like materials which sailed present These loess soils
logical time when I t e r « « S  contafn large pebbles or stones,
are very porous in spite of the nne texture, ana y 3 somewhat heavy in texture and 
They present a strong contrast to the drift so > ^ Missouri, the Mississippi
filled with pebbles and stone, / h e  three and they vary
and the Southern Iowa, are distinguís y e0me sections the loess is very deep, while
considerably in value for farming PurP°ses- , .f • lose to the surface. The fertility
a
^caus^o/^ifferences^tn ^perii^ ofVforma^on, ^he^different^drift
S ^ S r S i n ^ S u S r f ’ soil types which vary among themselves, and each of 
these should receive special attention.
TH E SOIL SURVEY BY COUNTIES
It is apparent .that a general
» ^ » » r d S ^ S  — a,heir —  -
mtogmphy,0 depS'a t e d i e n  soil, chemical and mechanical composition and all other
factors affecting crop production must be considere COUnties and hence the needs
This is what is accomplished by the soil survey of^the stat by ^  _  much greater
aí¡d be much" moK^mplete than would be possible by merely considering the large
Map showing the principal soil areas in Iowa.
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•" r rds' while the *•other small area, the unit isgthe soil type. Ca’ ln the s01’ surv«y by  counties or any
GENERAL SOIL CHARACTERISTICS
Soil types possess more or less definite characteristics which mav ho • , , ,
the field, altho some laboratory study is necessary for final disposition d u S ^ t h ^ f ® 7  ** 
separation between adjoining soil types is quite distinct and it ~ • t ua ^ ^ e  i^ne
the type boundaries. In some cases^Swevi there i^a  Sdation  h S A T * .  t0  lo<Late 
and then the boundaries may be fixed only with great difficulty The error y?e ,1°  a,j°^ ier 
soil survey work from this source is vei/sm all a K e ^ ^ l i t f l ? eeo^etL ,mr0daCe<i m‘ °  
lhe factors which must be taken into account in establishing «nil tvnoc 
enumerated by the Illinois Experiment Station in its Soil Report No 1 They are ■ k***1- * '
cuniulose? ge° logical origin of the soiI- wh« her ^idual, glacial, loessial, alluvial; colluvial or 
2. The topography or lay of the land.
4  T h e  S I “?  or dePth and character of the surface, subsurface and subsoil.
4. The physical and mechanical composition of different strata comnnsimr the a«ii
percentages of gravel, sand, silt, clay and" organic matter w h i ^ S y ^ T 8  ' ^
5. The texture or porosity, granulation, friability, plasticity, etc 
The color of the strata.
The natural drainage.
The agricultural value based upon its natural productiveness 
Native vegetation.
The ultimate chemical composition and reaction.
6.
7.
8. 
9.
10.
The common soil constituents may be given as follows :f  
All partially destroyed or decomposed 
vegetable and animal material.
Stones— over 32 mm.*
Gravel—32—2.0 mm.
Very coarse sand—2.0— 1.0 mm.
Coarse sand— 1.0—0.5 mm.
Medium sand—0.5—0.25 mm.
Fine sand—0.25—0.10 mm.
Very fine sand— 0.10—0.05 mm.
Silt— 0.05—0.00 mm.
Organic matter
Inorganic matter
SOILS GROUPED BY TYPES
The general groups of soils by types are indicated thus by the Bureau of Soils 
; lesf san T oiso 'fmg °f 35 PerCent °r ^  °f °rganic matter> sometimes mixed with more or 
claPYeaty Loams—\Sio 35 percent organic matter mixed with much sand and silt and a little
s o S r 25 t0 35 PCrCent ° f PartIy decomP°sed organic matter mixed with much clay and
30 p6rcent clay- usually mixed with “ “<*
Silty Clay Loams—20 to 30 percent clay and more than 50 percent silt.
Vh TLn°r,amS~ £ ° 30 POrcent clay and less than 50 percent silt and some sand.
T ?uPeronnt C ay an1 more than 50 percent silt mixed with some sand
sawl LCSS ^  20 PCrCent Cky and lGSS than 50 percent silt and from 30 to 50 percent 
Sanfy H ays— 20 percent silt and small amounts of clay up to 30 percent. 
th™ L Sandy Loom s— More than 50 percent fine sand and very fine sand mixed with less
s t l2d^^^2n0 to lL CeTceS„e,.Sand'
:loio"perant.mi~ M°re **“ “  25 PerCe,lt Very COarSe’ coarse and medillm sand; silt and day 20
“ rS“ nnr^dXand leSS than 25 percent veIy coarse’ coarse
L 'm  Ju “^ t l e s s  S f  a ^  d a y ' 25 yery »arse, coarse
003156 ^  m6diUm Sand> 'eSS tha" 50 I>CrCent fiM 
* 25mm. equals 1 in. f  Bureau of Soils Handbook.
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Coarse Sand— More than 25 percent very coarse, coarse and medium sand, less than 50 percent 
of other grades, less than 20  percent silt and clay. ' ...
Gravelly Loams— 2$ to 50 percent very coarse sand and much sand and some silt.
Gravels— More than 50 percent very coarse sand.
Stony Loams— A large number of stones over 1 inch in diameter.
METHODS USED IN TH E SOIL SURVEY  
It may be of some interest to state briefly the methods which are followed in the field in sur­
veying the soils. A . ,. j
As has been indicated the completed map is intended to show the accurate location and 
boundaries, not only of all soil types but also of the streams, roads, railroads, etc.
The first step, therefore, is the choice of an accurate base map and any official map ot the 
county may be chosen for this purpose. Such maps are always checked to correspond cor­
rectly with the land survey. The location of every stream, road and railroad on the map 1S 
likewise carefully verified and corrections are frequently necessary. When an accurate base
map is not available the field party must first prepare one. . T.%
The section is the unit area by which each county is surveyed and mapped. I  he distances 
in the roads are determined by an odometer attached to the vehicle, and in the field by pacing, 
which is done with accuracy. The directions of the streams, roads, railroads, etc., are de­
termined by the use of the compass and the plane table. The character of the soil types is 
ascertained in the section by the use of the auger, an instrument for sampling both the surface 
soil and the subsoil. The boundaries of each type are then ascertained accurately in the section 
and indicated on the map. Many samplings are frequently necessary, and individual sections 
may contain several soil types and require much time for mapping. In other cases, the entire 
section may contain only one soil type, which fact is readily ascertained, and in that case the
mapping may proceed rapidly. . . . . f ,,
When one section is completed, the party passes to the next section and the location of all 
soil types, streams, etc., in that section is then checked with their location in the adjoining area 
just mapped. Careful attention is paid to the topographic features of the area, or the lay ot 
the land,” for the character of the soils is found to correspond very closely to the conditions
under which they occur. . . .  . i • „
The field party is composed of two men, and all observations, measurements and soil type
boundaries are compared and checked by each man. . . , „
The determinations of soil types are verified also by inspection and by consultation with those 
in charge of the work at the Bureau of Soils and at the Iowa Agricultural Experiment Station. 
When the entire county is completed, all the section maps of field sheets are assembled and any 
variations or questionable boundaries are verified by further observations of the particular area.
The completed map, therefore, shows as accurately as possible all soils and sou boundaries, 
and it constitutes also an exact map of the county.
t
